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Abstract:

This article presents a model whose primary coneerth design rationale is to offer users (teachef) basic ICT skills an
intuitive, easy, and flexible way of editing scepfThe proposal is based on relating an end-upeesentation as a table and a
machine model as a tree. The table-tree modeldatres structural expressiveness and semanticarthéimited but straightforward
and intuitive. This approach is less expressiveiatrdduces less semantics than approaches basedrifiow representations and
complex meta-models. However, it may be enhancecepoesent complex features such as by-intentiommng mechanisms,
constraint checking or configuration of enactmeatrfeworks. A usability test suggests that the niodetface is easy to use and
that teachers avail themselves of the flexibiligitable to model scripts according to their pecsipes.
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1. Introduction

A Computer-Supported Collaborative Learning (CSQcyipt is a learning scenario introducing structaned
constraints that guide how a group of distant epasent students collaborate. CSCL scripts rais#iaty of research
issues: elaborating efficient scripts and designeiples (Aronsoret al 1978, Palincsar & Brown 1984, Dillenbourg &
Hong 2008), studying the issues arising from these by practitioners (Hernandez-Leo al. 2006), studying
advantages and risks such as limiting the occueresfc certain kinds of negative processes (O’Dond€i99),
improving learning outcomes (Weinberggral. 2010), constraining collaboration in a way thatyrribit natural peer
interaction (Dillenbourg 2002) or conflicting witktudents’ internal scripts (Weinberget al 2008). One of these
research issues is the operationalization of sript

Operationalization of scripts is “the process oihngdrom an abstract and technologically-independiscription
of the script to the effective setting the studemitsbe presented with, i.e., the precise desmwipbf the tasks, groups,
constraints to be respected, and technologicahgetd be used” (Tchounikine 2008). Since {{@SCL announced
“Scripting in CSCL” as a “flash theme” (Stahl & H&s2007), various topics related to operationatimalhave been
addressed in the journal. Such topics include ifieation of conceptual primitives to model and megent scripts
(Kobbe et al 2007), review of issues and a general model fogrationalization of scripts in technical settings
(Tchounikine 2008), analysis of the mechanics dpss (Dillenbourg & Hong 2008) and an approachifoplementing
a given script in a broad variety of platforms (\Weret al. 2010).

In this article, we continue this on-going effaststudy operationalization issues, focusing onexifig concern:
offering representation means that (1) are suffityesimple and flexible to allow teachers to atliscript and adapt it
to their view and context, and (2) can be extentednatch other needs or implement advanced featuek as
representing complex grouping mechanisms, cheakimgtraints or configuring the software students lvé offered.
In this work, editing a scriptis to be understood as adapting the script ph@sgs breaking an activity into several
activities or changing a role), instantiating theig with the relevant resources and/or settingpapmeters such as
group composition. Target users are teachers wisicdCT skills but no particular training in CS@iethodology.

The contribution we propose is an approach basedlating (1) an easy-to-use end-user representatithe form
of a table with (2) a machine model of the scripharee. The table-tree model introduces strulctx@essiveness and
semantics that are limited but straightforward antditive. The table presentation enables directipaations such as



moving a student from one group to another or tepditan activity (script flexibility). It also makeit possible to
change how the notions provided to represent atsare used, i.e., changing the representatioenpaftepresentation
flexibility). This approach is not meant to replattee mainstream approach consisting in offeringraply-based
representation of scripts based on a meta-modallidgtthe different conceptual aspects of scripiather, it offers an
alternative featuring simplicity, easiness andifidity, to be used if and when needed. This basarlel offers limited

expressiveness and is permissive, i.e., does nuratousers’ representations in the same way aseta-model

approach. However, if this appears to be an issogy be overcome by enhancing the basic modél dtensions.

This article is organized as follows: Section 2sergs the background of this work, i.e., recall£CScript basics
and the considerations we build on. Section 3 prtesend illustrates the proposed model, and shawmsihmay be
enhanced to represent complex mechanisms (e.g.plerngrouping mechanisms), check specific condisaor
configure the enactment platform available to stisleSection 4 presents the results of a usaligisy. Section 5
discusses the core characteristics of this appr@atdtion to the overall operationalization issegpressiveness and
limitations, permissiveness, rationale for the tagle representation and interface variants). Ifingection 6 draws
conclusions and presents perspectives.

2. Background

Research issues related to script operationalizatidude identifying requested specifications,igeig and creating
adequate technology, verifying that this technologgtches its specifications, analyzing how it iedug lab and in
common practices, and analyzing the outcomes. Tdr&k wresented in this article is a software-cemtarentribution
related to one particular phase of this long-tefifore namely designing and creating adequate telclyy for a
specific goal (editing scripts). In this sectiorg Wriefly recall the rationale and bases for thiskyand the perspective
it builds on. These elements will be taken as giaimds and will not be discussed as such (the psinbt to present
new theoretical considerations related to why $e@md script flexibility are of interest, but timdy how to design and
implement technology in line with this goal). Addital discussions are presented in Section 5.

A CSCL script is a scenario that aims at settingcapditions (guidance and constraints) that mayrawg the
likelihood that knowledge-generating interactiongls as explanations and engaging in argumentatiegotiation,
conflict resolution, or mutual regulation occur {Bibourg & Jermann 2007, Kollaat al. 2006). To do so, scripts
structure the setting by defining precise sequentestivities, grouping students by specific aidecreating roles or
constraining the mode of interaction among peeiscferet al 2007, Kobbeet al 2007). Typically, a group of
students is given a task. This overall task is therken down into subtasks, where the outputs ofessubtasks are a
resource requested for others: students are givferemt roles and resources, and these subtasksflav and
division-of-labor are studied to create a conteithiw which students interact. Scripts may be dafimnd implemented
as in-presence scripts (involving students presetite same classroom), on-line (involving diststnidents addressing
the proposed tasks and communicating via a comjpatsed system only), or blended. As quoted in (Week al
2010), a broad range of studies highlighting hovipse fostered learning activities has been publiste.g., Baker &
Lund 1997; De Weveet al 2009; Kollaret al 2007; Rummel & Spada 2005; Schellensal 2007; Schoonenboom
2008; Slofet al 2010; Stegmanet al 2007; Weinbergeet al 2005; Weinbergeet al 2010).

Concerning students, operationalizing a script iregloffering students #chnological enactment framewadfiat
will help them to coordinate and successfully parfdhe script's tasks. Such a framework typicatigludes features
such as communication tools, awareness tools omsnéa share resources and, when needed, spedifieiof
software related to the task at hand. Enactmentegreorks may correspond to different realities. Egke®s are a piece
of software specifically dedicated to a specificigcor script-family and implementing part of tlseript-specific
support and constraints, e.g., the specific systemtementing the Argue-Graph or ConceptGrid serifRillenbourg
& Hong 2008), a complex generic environment whasures can be organized to fit a given scriptedsee.g., the
CeLS environment (Roneet al. 2006), a platform providing support on top of de Web contents (Wecket al.
2010), or a basic Learning Management System (L&#8ying general features, e.g., Moodle (Moodle 201

Concerning designers and teachers, there is ncepsus on a precise life cycle but, when analyzifigrént
proposals (e.g., Dillenbourg & Tchounikine 2007hdanikine 2008, Weinberget al. 2008, Villasclaras-Fernandet
al. 2009), the following dimensions can be identifi8dript designs the identification of the script’s principlesg.,
how the learning activities lead to intended leagngoals, and important conditions to be respedtsdally, design is
addressed by instructional designers, and scriggsribed in a general and more or less abstractfeatyring their
core mechanisms: see for example scripts introdic@dobbeet al, 2007) or patterns in (Hernandez-Letcal 2010).
Script editingis the pre-session process required to createipt instanceadapted to the setting (in some works, script
editing is referred to as “instantiation”). Scripditing is contextual and, usually, addressed laghers. During the
session, while the script unfolds, teachers amialglved inscript monitoringandrun-time management

Script editing content is largely dependent onpgagranularity level. Although a continuum existsripts are often
dissociated into micro-scripts and macro-scriptdléBbourg & Tchounikine 2007). Micro-scripts areudied at a
psychological level and aim at scaffolding studeptscess at the interaction level. Examples aradb a student to
state a hypothesis and prompt a peer to producetemevidence, constrain interactions by prompting taking or
imposing an argumentation grammar. The core meshai$ often reified within the enactment framewerk.,



typically, requiring students to use a structurbdt@r argumentation graphical tool. Such scriptssé little room for
options, and editing is merely limited to the swjtiof learning domain resources and parameters aschroup
composition. Macro-scripts are pedagogy-orientegelarained scripts, based on indirect constrajetserated by the
definition of the sequence of activities or thegraharacteristics. For instance, the jigsaw macrgt pattern is as
follows: first, participants individually work on #opic; second, students having worked on the stpie meet in
“expert groups” to exchange ideas; finally, “jigsgmoups” are formed by grouping students who eaotked on a
different topic in the preceding phase (Hernandea+t al. 2010). This general principle, which may be useddry
different settings (e.g., for a two-hour or a twonth session, with four or forty students), leavesm for many
options. At least the script must be instantiatdth wthe learning domain (e.g., if the domain is éegy saving”,
deciding to create groups focusing on “insulatianid others focusing on “heating”, and defining tmequate
resources as on-line documents, wikis or quizzeg), group compositions must be set up. Howeversdch macro-
scripts, script editing may also involve adaptirgircreasing script accuracy by taking into accotingt contextual
aspects revealed by local analysis of issues ssichlated past or future classroom activities, lakdity of resources,
constraints related to the given enactment framkwstrdents are familiar with, or which is imposedthe setting, or
other dimensions such as time pressure or ingtitati demands (e.g., the fact that each student negsive an
individual grade). Management of macro-scriptsas roften conceptualized as part of the generahestrationof the
teaching setting. Within this perspective, a sasfb be seen as only one element of the setiing)the setting is to be
seen as a complex, multilayered and highly constchiecosystem whose “orchestration” may requireesam-time
adaptations (Dillenbouret al 2011).

Design/editing and micro/macro dichotomies opemerspectives for different views with respect taatvimay be
considered agegitimate variations of scriptsOne perspective is to consider that a scriptneefiby instructional
designers and positively evaluated in researchlghmat be adapted by teachers any more than isede@dinstantiate
it with the learning domain and to deal with sitaas in which it cannot be straightforwardly implented (e.g., if
class size is not a multiple of intended group)sia@other perspective, that we will refer to as tipen perspective to
script editing is that teachers, as those in charge of reflgamand managing the classroom (the studentgvidll
activities, the institutional context, etc.) andigtenactment, may engage in substantial adapstimefore and during
the session (orchestration perspective). With retgpemicro-scripts, the former perspective is iegpl With respect to
macro-scripts, the question is more open, if ordgause these scripts are more general construeti@hshus require
more instantiation work. The open perspective co@econtinuum ranging from limiting adaptationshivitthe script's
intrinsic constraints (i.e., its design rationatepiples (Dillenbourg & Tchounikine 2007)) to ustacted adaptations.

Another aspect of the fact that teachers may bmvell to engage in extended edition of scripts &tiers’
appropriation. Adaptability to teachers’ settingsl gperspectives are important characteristics fpr@priation and
usage (Williamset al. 2004). This aspect, however, is dependent on m#mr dimensions, including teachers’ skills
and institutional dimensions: in some settings/toes, instructional designers define scripts whéachers, at the
most, instantiate and set up the script. In otlacgs, teachers may have a more active role, imguithe design of
variants or even new scripts. More generally, te that a learning design language makes it diffior teachers to
easily adapt a scenario has been identified assilpe issue for adoption (Neumaginal. 2010).

In this work, we consider macro-scripts and thenoperspective to script editing. As suggested itidBbourg &
Tchounikine, 2007), we consider script editing a®acher’s task that consists in taking local desis this ranges
from the general specification to the precise m$adion of specific aspects related to the fiefdler consideration,
specific goals, individual student skills or prel time constraints, space, available technolpgy; and post-
activities, or institutional dimensions. Moreovese give specific importance to the fact that teaslaee empowered in
viewing and representing the script according &rtherspective.

Script editing, as considered here, is an elabtmratikperience rather than a straightforward prod&#sle tuning
the script support/constraint aspects, differegisters may be used: the precise task studentdeitliven, how this
task is broken down into subtasks, the way theustpf some subtasks become a resource for othersjay students
are grouped (taking into account general principled students’ effective characteristics), hows@e emphasized or
faded, etc. Although the structure and some deawsive imposed by the script rationale (e.g., trggigsaw groups)
and other decisions may be imposed by the settingariety of options may be envisaged and sketatigite the
editing process, considering the different optiand refining decisions, until a satisfactory stuwethas been obtained.

Script editing is a specific concern related to there general topic of script representation (Méal. 2005,
Botturi et al 2006, Harrer & Hoppe 2008). Considering repres@nt tools and editing in particular, two general
features of interest may be highlighted. A firsitfge is to offer users relevant means to reflacthe script. Different
users may have different needs and requiremente\iistructional designers may require means &ci§p scripts or
index them in repositories, teachers are moreasted in how to adapt and efficiently deliver siiin real classrooms
(Weinbergeret al 2008). A second feature is to configure (or @dlsticonfigure) the enactment framework, i.e., from
the representation of the script as defined within teacher-oriented editor, configure the constsas denoting the
groups and resources (etc.) in a target platforch s Moodle (Moodle 2012), LAMS (LAMS 2012), Ce(Bonenet
al. 2006) or CoFFEE (Belgiornet al. 2008). If the script editor is interoperated witle enactment framework and can
retrieve data related to script unfolding, thistéea may also be used to allow teachers to adaptsthipt and/or
enactment framework at run-time, in relation witlell orchestration of the setting.



3. The T> model

3.1. Overview

The T model is an intentionally simple model designedaitilitate editing and adaptation of macro-scripithin an
open perspective to script editing. Its main geabi (1) provide a base for creating editors ofigrintuitive and easy-
to-use means to edit the script while (2) keepipgrothe possibility to enhance the editor with adeal means or
mechanisms if/when considered useful. The protodipise-case considered here is that of a teaciterbasic ICT
skills and no particular CSCL methodology traininigking into account an already designed scriphsas those
presented in Figure 2 (Section 4) and, while editir{i.e., defining the precise activities, resms or groups), adapting
it to his/ her view and context.

The research goal is to explore a perspectivefgignily different from the mainstream approachiMfespect to
macro-script representation, the mainstream appr@ato define a conceptual meta-model of a s¢gg., the meta-
model presented in (Miagt al, 2005)) and to develop a language/editor impldingrthis meta-model expressiveness
and semantics, i.e., requiring that users comph wie model constraints. Most of these languagdésfs adopt a
graph-based approach (Botturi & Todd 2007), whiehtly captures scripts dynamics (dataflow and/orkil@w) and
allows a straightforward link with workflow engindklarreret al. 2007). Not misunderstanding the interest of this
approach, in terms of expressiveness and concegipgbrt in particular, our work explores an alédre building on
different premises. First, we take as an entry tpofrthe work and main design decision offeringaaguage/editor
based on a table, as a basic and very common wingtdevice. Second, we consider basing the meelalantics on
the table structure (i.e., the column/row strugtuieher than on a proper meta-model (we will referthis as a
structural semantic We manage these specifications by placing therface (the table) in relation with a machine-
readable model as a tree. This principle makesossiple to address editing of the script via ndyhstmple
manipulations (mouse-manipulations of a table stiiecand content, as in office suites), insteadlaborating a rich
and complex language hypothetically rendered easgé by basic users via user-friendly interfacebteaining.

This structural approach is highly flexible, of@®ewhat limited expressiveness, and permissive bEs&e model
does not directly allow representation of complegchranisms and implements an unrestricted perspetdiscript
editing. However, it can be enhanced by introducingre expressiveness and support/constraints onotadpe
structural features. Introducing such extensiorie ise thought of as a way to benefit from the nhodgive simplicity
and flexibility advantages while enhancing it oecaoming some of its specificities ifiwhen they aapas limitations
(using extensions to obtain an equivalent to curséate-of-the-art language building on graph repngations and a
powerful meta-model is of little interest as a me@del approach is much more straightforward).

The model presentation is structured as followsoduction of the Table/Tree structure (83.2), preation of the
basic semantics (83.3), the flexibility offered @3 the model constraints (83.5), how machine esgntation is
managed (83.6), then, finally, presentation of ltbe model may be enhanced to extend expressivg¢Basg and
semantics (83.8), and how it allows an enactmemhé&work to be configured (83.9). lllustrations taken from the
usability test (presented in Section 4). Furthecdssions are proposed in Section 5.

3.2. The Table / Tree structure

The T model proposes considering a CSCL script as ¢apke composed o€olumnsandrows (which can be broken
down intosub-rows if it is addressed via its user-oriented viswaiian, and (2) am-ary treecomposed ofevels and
branchesf it is addressed as a formal structure. The rhisdeamed T to denote this double Table and Tree structure.
From a Computer Science perspective, the tablatanttee respect a structural correspondencepne.element of the
tree corresponds to one element of the table atterbnd/ice versa

Tables are two-entry structures. We have defined ablumn as the entry denoting conceptual notieash
column corresponds to a notion (rows thus haveradgeneous column structure). In our current worg,rause the
notions proposed in (Kobhat al 2007):activities (what must be doneparticipants (individuals),groups roles and
resources(virtual or physical objects used, modified or guwoed by the participants). The rationale for udinig
framework is that it has been elaborated as a osnseby scientists from several fields (educatiocagnitive and
computer sciences) as a result of their experieircepecifying CSCL scripts, has proven it can nadeariety of
macro-scripts of different types, and is fairlyuitive (as confirmed by our usability test). If wake the example of an
interoperation with an enactment framework suctMasdle, resources may be an instruction page,ea dilquiz, a
chat/forum, a wiki or an URL to a Web-resource. Mfitsspect to the original framework, we add theoopof tagging
resource labels to identify whether they are offgre) or produced (-out) by students.

Figure 1 presents (1) the general interface ofadstlone editor (named ediT2) that we have devdlopanalyze
whether teachers were at ease with the model, rithg corresponding machine representation aesea lin the editor,
the zone to the left is aad hocfeature used to create the items (activities, gspparticipants, resources and roles) that
will be referred to in the scriptLet us consider the two first rows. The teachss first represented a “Read the general
text” activity, to be carried out by each of theufestudents (el, e2, e3 and e4), where “Generdl iexhe available

! If such an editor is used when integrated with &3,/ dome of these items may be downloaded from kh® database.
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resource. The second activity, “ldentify techniduésvolves two groups (G1 and G2) with differerdrficipants (el
and e2, e3 and e4, respectively) and differenturess. In the tree representation, a fictional iealefined. Its children
are the elements corresponding to the first colimthe table, i.e., the four activities “Read trengral text”, “ldentify
techniques”, “Crossing groups” and “Regrouping”edl the general text” has a linear structure (lviagcfactor = 1).
“Identify techniques” has two children, G1 and G2afching factor = 2). In this case, none of tHis@drresponding
to the participants and resources are broken dowriather, and the role notion is not used.

A script represented with the ediT2 editor Machine
representation as
atree
[ Activities O %X 7 CSCL Script
Read the general text [Limserta newrow |
dentiy techniques @ Activity + [« Group + [« Participant » [« Resource S
Crossing groups Read the general text el e2 General textIN
Regrouping Lk <l ) e3 ed
[ Groups o x 7 Identify techniques G1 el e2 Insulation text IN
G
Insulation list OUT
G2
*+3ET
G2 e3 ed Heater text.N
Heater list OUT
M Participants © % 7
&1 &2 Crossing groups Gt et e Insulation questions IN
e3 ed Insulation list OUT
*+3ET
G2 e2 e3 Heater questions.IN
Heater list OUT
M Resources o % /7
Heater list (|
Regrouping el e2 Answers.IN
Insulation questions
+t 8T e3 ed
Heater questions M
Answers,
[IRoles

Figure 1. A script as a table (within the ediT2)i as a tre®

We will call script-structurethe ordered list of notions used as columns (émgFigure 1, Activity-Group-
Participant-Resourcepjvotal notionthe notion used as the first column (Activitggript-componena row, referring to
it by its pivotal notion (e.g., the “Read the gealgext” script-component), arittmsthe specific values attached to the
cells or, within the tree perspective, to the no@eg., participant “el”).

Representing and editing a script is a double-dgizenprocess. One dimension is related to the itiefinof the
script-structure, i.e., the model that rules thepscomponents description. At this level, theqial notion defines a
modeling commitment (e.g., in Figure 1, a scripinisdeled as a set of Activities). The second dinoens related to
the script-components, i.e., creating and manipgatows and items. Table 1 summarizes basic axtit;m
represent/edit a script.

Table 1. Basic actions to represent/edit a script

Example Table perspective Tree perspective

Deciding that a script will have
an Activity-Group-Participant-
Role-Resource structure

Creating the “Read the general
text” script-component

Creating and ordering the Defining the structure of a
columns of the table branch

Representing/editing
the script-structure

Creating a row Creating a branch

] - Associating “el” with group
Representing/editing | “G1”
the script-components

Associating items with a cell Associating itemshnét node

Creating sub-rows (or
merging cells of existing
rows) and then associating
items with the cells

Creating a sub-branch or
unifying sub-branches and
associating items with the nodes

Associating “G1” and “G2”
with Activity “Identify
techniques”

3.3. Basic semantics

Natively, the column headings are just type lab&isactivity column states that the values that can be platéis
column are edited as the typetivity (i.e., in the ediT2 interface, are defined aswvitidis in the activity box which is to
the left of the interface) A script is a list of rigt-components, where a script-component is a fgeneous

% In this Figure, we have re-written the represeotatireated by one of the teachers who participategstem tests for the jigsaw
script presented in Figure 2, and translated #rast(names of activities, etc.) to English. One matjce that for the “Regrouping”
activity (last row) the teacher tagged the “Answeesource as “.in” whereas it is likely to be vat, an “.out” resource.
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juxtaposition of instances of notions (in our casgivities, participants, etc.). The notion’ seitngis only carried out
by the label and its intuitive meaning (and, thusssibly related to the user’s perspective, whigly ipe idiosyncratic
and/or related to professional training or contefgpractice). How an activity relates to groupgaes is only natively
represented by a genergeassociated-withelationship denoted by the row structure (stmattsemantics).

Table 2 presents a basic interpretation of the meimeassociated-withrelationship. As an example, within this
interpretation, the “Identify techniques” scriptmponent represented in Table 1 may be read asmsllithe activity
“Identify techniques’is achieved by groupS1 and G2; G1s composed a1l and e2; these participaate presented
with the resource “Insulation text” ardle to produce the resourémsulation list”; G2is composed a&£3 and e4; these
participantsare presented witthe resource “Heather text” aade to produce the resourtkleather list".

Table 2. A basic interpretation of tleeassociated-witlyeneric relationship

Activity Group Participant Role Resource
The activity is The activity is The activity is The input/output
Activity achieved by achieved by achieved by playing resource(s) of the activity
group(s) ... participant(s) ... the role(s) ... is (are) ...

The group is to The group is . The group is presented
Group consider the composed of the Th?hger?glg(lz)to play with / is to produce the

activity(ies) ... participant(s) ... resource(s) ...
. . The - . | The participant(s) is (are

- The parhmpgnt(s) IS participant(s) The participant(s) is presented with / is (are) tp
Participant (are) to consider the ill pai (are) to play the role d h
activity(ies) ... wi pa(w)as (s) ... produce the resource(s
group(s) ...
The role involves Ege lr;)lee;vgl The role will be Theur:ilr(]a 'S{rfg Fne E)layed
Role considering the thepgr())/up(sgl played by the resourceg(s) / prgducing
activity(ies) ... participant(s) ...
the output resource(s) ..
The activity(ies) to be v-l\-/rc])fkignrgl\i\%? The participant(s)] The role(s) to be
Resource considered in relation this (these) working with this played with this
to the resource(s) is resource(s) is (these) resource(g) (these) resource(s)
(are) ... (are) is (are) ... is (are)...

This structural approach is significantly differdram explicitly representing relationships suchisachieved-by
or is-performed-byand associated constraints, using a proper metiehdefining a script (see for instance (M&al.
2005)). From a meta-modeling perspective, the icitpli? meta-model is basic: a list of notiong Where Nis related
to Ny; by a 1..* relationship and, in our casd] i[1.5], and N assumes values in {“activity, “group”, “particip@n
“role”, “resource”}. Such a perspective, howevesed not capture much of the work’s rationale. Aaothay to phrase
it, more in line with the approach, is to statetthaable is an easy-to-use way of offering endsugémited) meta-

modeling means, in this case selecting the notioeys want to use and ordering them as they prefer.

3.4. Flexibility offered

The original flexibility feature introduced by ttepproach, which we refer to aspresentation flexibilityconsists of
the possibility of determining the script-structure., which notions are used and in what orddris Tallows for
addressing scripts conceptualized in very differgays. A prototypical script-structure is Activiroup-Participant-
Resource: a script is addressed as a set of &divit be carried out by a group (or groups) comgaxf participants,
where each participant is associated with resoufid@s pattern has many variants: specifying rédegparticipants and
associating roles with specific resources (e.gtivig-Group-Participant-Role-Resource), assoc@tiesources with
activities (e.g., Activity-Resource-Group-Partiaipg etc. Other very different examples are: Gr&gle (a script is
addressed as a set of groups and the roles todyedpby these groups) or Resource-Group-Activitys¢apt is
addressed as a set of resources which will be mgéifferent groups to conduct different actividies

For a given script modeled withirf,Tdifferent types of editing actions can thus kseined:

1. Editing a script-component (e.g., adding a paréinipto a group). In terms of the model, such charuggy
affect the items attached to a cell/node. Theyaiaffect the tree structure.

2. Editing the script-component list (e.g., adding/osing a script-component or swapping script-compbsie
In terms of the model, such changes affect the murobtree branches or their ordering.
3. Editing the internal structure of a script-compang@ng., defining new roles within an activity byliting a

cell). In terms of the model, such changes affeetitumber of branches representing a script-compdties
arity of this branch as a sub-tree), and theircased items.

4. Editing the script-structure (representation flédikiy e.g., using a new notion, removing an exigtinotion
or changing the order of the notions). In termghefmodel, such changes affect the structure dbtheches.



Referring to the ediT2 interface, the different tedj actions correspond to the manipulation pobtéds
conventionally offered by a table:

1. Dragging and droppingan item from one cell to another (e.g., movingaatipipant from one group to
another).

2. Adding removingor displacinga row (e.g., where Activity is the pivotal noticaglding a new activity or
swapping two activities). A Script-component isategl by clicking on the “Insert a new row” buttdfigure
1) and dragging and dropping items into its cellach row is associated with arrows to move thenomup
down and a bin icon. Several facilities (e.g., ttgie a complex row, with or without its items) ar@posed.

3. Splitting a cell into several cellg.g., splitting an activity into two activities associating an activity with
several groups) omerging cells(e.g., regrouping individual participants initiallgpread into different
groups). Merges and split features are availablenwight-clicking on the relevant cell(s).

4. Adding removing or displacing a column (e.g., changing from an Activity-Groupitgpant-Resource
perspective to a Role-Participant-Resource persggctDeciding to use a given notion (i.e., cregtia
column) requires ticking the relevant box in thf part of the interface. This creates the relexaitimn in
the table (e.g., the “Activity” column). Each colanis associated with a left and right arrow movthg
column (the column is moved as a whole, i.e., foalaeady existing rows, which is the applicatiohthe
script-component homogeneity principle).

It should be pointed out that the model allows djiag the script-structure while the script is begujted, i.e.,
while the table is already filled. If the scriptroponents all respect a 1-1 relationship (i.e. béetenade up of full-rows,
with no split cells), the order of notions denaties way the script is conceptually addressed (asga set of activities
or as a set of roles), but the fact that colummsdisplaced does not further change the script stesaas the 1-1
relationships remain identical. In direct contratthe script presents 1-n with n > 1 relationshig change of
perspective resulting in column displacement maptieaffect the tree structure (see Section 3.6).

Within our open perspective to script editing, wensider representation flexibility as an importdeature
allowing teachers to adopt the perspective thefepr®ptions to the basic model are to offer evemenflexibility and
allow end-users to define their own notions orftemcontrary, limit manipulation possibilities (sgection 3.8).

3.5. Constraints

To avoid ambiguous constructions, the constraimbituced by the Tmodel is that a script-component must comply
with a 1-n with a r>1 relationship (or, in other words, a script igeetand not a graph: a cell has only one parent).
Table 3 illustrates the rationale for this constraGiven the fact that participants P1 and P2 eviljage in activity Al
with the same resource R1 (representation of tlite side of the Table), the resource cells could rherged
(representation of the right side). However, thauld lead to an ambiguous construction with resfeodles (e.g., itis
unclear whether P1 or P2 are to play roles RL1, Rh@ RL3). This constraint keeps the table equitaie a tree and
thus interpretable within the adopted structurahaetic’.

Table 3. Rationale for the 1-n with>i relationship

interpretable construction ambiguous construdibis no longer a tree)
Activity | Participant | Resource| Role Activity | Participant | Resource | Role
P1 RI RL1 P1 RL1
Al RL2 Al RI RL2
P2 RI o3 P2 RL3

It should be noticed that this constraint appleethe structure of the script-components. It dagsmean that items
should be referred to in the script only once. Wetconsider the case of a script using two ressuguiz Q1 and a
wiki W1 (taking Moodle as the deployment platfori@1 and W1 may be referred to in different rows:. iRgtance, a
first row may state that a first pair of particigaf®1 and P2 will be offered Q1 and W1, and a sttcow state that a
second pair P3 and P4 will be offered the sameuress Q1 and WL1. In such a case, all four studeititbe offered
Q1 (individual quiz), P1 and P2 will be able tolabbrate via a first instance of wiki W1, and P8 &% will be able to
collaborate via a different second instance of \Wlother words: P1 and P2 will not access to P3R#hdhnteractions,
andvice versa. If the four participants’ cells are merged, thiea four of them will be involved in the same wiki

From the point of view of the model, the fact thwls are not associated with any value is not ssud
(independently from the fact that it is meaningbul not). For instance, an individual phase may dq@asented by
creating a row mentioning the activity, the papant and the resource, where the group columngsi®ank. During
our usability test, several teachers straightfodiyadefined such representations, although we hadnmade this

® of course, interface subtleties could be imagimelbtally overcome this constraint, but this idittfe interest and would contradict the simplicity
principle. See further discussions in Section 5.4.



explicit during the editor presentation. An examplemeaningless construction would be a collectetivity not
indicating who the participants are.

3.6. Management of the model and users’ actions

Since the approach does not offer the semanticreialyas provided by a specific meta-model, it magdiesidered that
the T model and its flexibility features can be obtaifgdusing a basic table editor as in office suifé®e interest of
the model and a specific implementation, howewetpioffer services related to tree representdgaliting facilities,
unambiguous constructions, and possibility of ealranbasic model expressiveness and semantics).

From an end-user perspective, the advantage ahtile structure is to avoid complex syntacticatstouctions,
the constraints of which must be understood anggrty used: the table structurally denotes the sticg| From a
machine perspective, the advantage is similar.vidlgti script manipulations correspond to manipuolagi of branches
and nodes. They are interpreted with respect tdrédeestructure, and reported in the tree reprasent(or inhibited if
inconsistent with the model). This correspondsasi® algorithms on tree data-structures, whereethégorithms are
uniform (splitting an activity or a group both cespond to the same internal manipulations).

A certain number of algorithms are trivial. Managif@attaching, removing or moving) values associatitd nodes
is basic. Adding, removing or displacing rows cepends to manipulations of the list of branchesdiAd or removing
a column corresponds to the creation or destructidhe corresponding segment in all the tree’sitihas.

Splitting/merging cells (creation/merges of subrataes) and displacing a column both require projragahe
modifications via tree manipulation algorithms taimain the representation coherent with the modshle 4 presents
two cases of propagation actions. It may be nottbatl when propagating changes in the tree streictbe sub-rows
and items may be managed in different ways. Fdam®, when splitting the {P1, P2, P3, P4} Partgcipcell into two
(Table 4, row 1), the resulting Participant cellaynbe reinitialized to blank, associated to theigi@ant(s) preexisting
to the manipulation or spread over the two newscédlhis may be configured and, anyway, the resaly bre easily
adapted by further merge/split or drag-and-drojpast

Table 4. Examples of manipulations of script repnéations and propagations

Script representation Manipulation Script representation modified (when applied)
Activity | Participant | Role | Resource Activity | Participant | Role | Resource
P1 RL1 R1 _ o P1 RL1 R1
Split the cell containing
Al RL1 R3 in two Al RL2 R3
P1 P2 P3 P4
RL2 R4 R4
R5 R5
Activity Participant Role Displacement of the Role Activity Role Participant
P1 RL1 notion towards the left RL1 P1
Al RL2 (or of the Participant notion Al RL2 p2
P2 :
RL3 towards the right) RL3 P2

3.7. Enhancing expressiveness

We shall now examine how the model basic expresss® may be enhanced. For this purpose, we wéli tefKobbe
and his colleagues’ framework, which highlightssthimportant mechanisnSroup formationspecifies how groups of
participants are constructeflask distributionspecifies how components (e.g., activities, raesesources) must be
distributed among participants or groups. Finaggquencingspecifies how the script's phases or tasks will be
distributed over time. This can correspond to go#ntinear ordering (phases or tasks are to bentake after the other
as listed in the script) or to complex dynamic ctinoe such as traversion, rotation or fading.

Group formation and task distribution

Within the basic ¥ model, group formation and task distribution aepresented by extension, i.e., listing the items
associated with nodes (see preceding examples)leVihis may be sufficient in many cases, it mayabeissue in
others. First, if the script involves many studentsating these lists may become time consumidépamver complex.
For instance, creating groups for a jigsaw scrgfuires mixing students from different focus grquansd scripts such
as the reciprocal teaching script (Palincsar & Bro%984) require the rotation of roles among stuslehiring
unfolding. Managing these mechanisms for 4 or @estts is easy, but may become intractable for 2206rstudents.
Second, listing the items associated with a nodss dot allow specifications as an abstract prieciplg., “G3 is made
up by mixing G1 and G2 students”) or a dynamic ggle (e.g., “G2 is made up of the five studentviimished




activity Al first”). Such a dynamic and possiblynrtime management of groups may be processed tigdleber if he/
she controls the enactment scheduling, draggingdaopping a student from one group to another “andi.
However, when considering large groups or automatedime management, representation by extensian issue.

Overcoming the “by-intension description” limitaticloes not need to modify the bases of the@del but, rather,
its implementation. If considering the ediT2 implmation, it must be enhanced by associating nadtksalgebraic
constructions and introducing configuration integfa in the groups (etc.) definition boxes. For dnsk, the
Universanté script (Dillenbourg & Jerman 2007) riegg) in some places, to refer to groups studyinglar clinical
cases and, in others, to groups made up of stuftentsthe same/different countries. Representiray scripts may be
addressed by representing the necessary informatidine participant data-structure (e.g., countgil modify the
group definition box to allow defining a group & tintersection, union or crossing of other grouglementing the
corresponding algebraic constructions is standamdineering work. This would allow representing dyna
mechanisms such as “a country-theme set is madé stpdents such that the ‘from a same country’thedworked at
a same theme’ conditions hold".

As a way to show how the*Tnodel allows by-intension descriptions and configions, we have developed an
extension of the ediT2 editor to implement onehef different options for grouping students andritisting resources
in the case of the jigsaw script pattern. The gamfition is defined by (1) the list of students, t(# list of topics (e.g.,
two topics: “insulation” and “heating”), (3) thestiof resources tagged with their related tope: (ian indication which
documentary resources address ‘“insulation” and lwtaddress “heating”), and (4) a set of parametéhese
parameters include (i) the required number of sitslper group (which indirectly defines the numbggroups), and
how to manage odd cases, and (ii) the way resogteasd be distributed. As examples of optionsnianaging group
odd cases: creating extended groups or an additgmnall group. As examples of options for distrihgtresources:
provide all participants with all resources relatedheir topic or spread resources over the ppdits. Given the set
configuration, a specific algorithm generates & tmeatching the constraints (different solutions rbayavailable): it
first associates expert groups with topics (ea.,5f groups and 2 topics, 3 of them will work withe topic, and the
other 2 with the other one) and, then, from theeexgroups, (1) distributes the resources to théiggzants for the
initial phase and (2) creates the jigsaw groupsthé configuration accepts no solution, the alfonitraises the
impossibility and the reason(s) for this.

If we take the case of 22 students, a target nurobdrstudents per group and the option of extergtedps, a
solution is a tree with 78 nodes (a table with B8-sows). Indeed, such a description would be diffito manage by-
hand. However, once the tree is automatically geedr the table representation can be used to reaslght
modifications (e.g., move a student from one grtupnother) before or during the session. In thisec a variety of
options are open such as allowing the teacher pyagny changes or checking whether the changebedpare
contrary to the jigsaw intrinsic constraints viantol rules (see next Section).

It may also be noticed that, if the editor is inferated with an enactment framework and can vetiita related
to the script enactment, associating formulas tdesoallows dynamic grouping. For instance, if tmactment
framework allows retrieving which participants haa@mpleted an activity and their productions, udomgnulas allow
definitions such as “G1 is made up of students wtaoswers to the quiz Q1 were correct”.

Sequencing

An intrinsic limitation of the ediT2 model is thepresentation of complex sequencing. Tables allepvesenting
sequences. Representation of complex sequencinigamisms (e.g., parallelism or loops) and, more iggiyeintuitive

representation of the dynamic dimensions of scrigiguire languages building on graph models andglycal

interfaces (Botturi & Todd 2007).

If used for reflecting on the script only (i.e.,rhan interpretation) and considering simple cades,lack of
seguencing expressiveness is not necessarily a@. iEsr instance, in the jigsaw script presenteBigure 1, the fact
that the jigsaw activity takes place after the ®a@ctivity is implicit but obvious (they are in smoce, and the
resources produced in the context of the latteiirgrets for the former). Similarly, the fact thaetfocus groups (and,
later on, the jigsaw groups) may work in paralebhgain implicit but rather intuitive. This, howeyaould not work
for a complex scheduling as, for example, in thépspresented in (Roschel al. 2009), which involves conditions
and repetitions. While it is possible to find mareless explicit and neat ways to represent repesitor rotations, this
is more difficult for conditions.

The model may be enhanced by developing an addltimini-language to represent sequencing mecharasis
attaching these constructions to the differentps@®mponents. However, this goes against the agproationale of
exploiting the intuitiveness of table structurasyaalso, would remain limited.

Another way to enhance the model, more in line it overall approach, is to acknowledge that sahte rather
pertinent to capture static descriptions, grapbsrather pertinent to capture dynamic dimensiond,kth can be used
when needed. Viewed in this way, enhancing the agar to represent complex scheduling mechanismsisterin
connecting the Trepresentation with a graph representation allgwipturing dynamic dimensions.

As a proof of concept, we have designed and impiéedea piece of code that, focusing on the Acti@tpup-
Participant-Resource script-structure, transforrié script into a statechart skeleton. The basic jpiads to map the
script notions (activities, etc.) onto the workflmemncepts (we used the classical workflow engineoldr Flow as a



target (Drools 2012)). Given a script representsdadl table, a specific piece of code generates a DrBhs
representation, i.e., a list of workflow componemds$ yet connected to each other. This file can thee opened with the
workflow editor, which offers specific construct®ro connect the components as required and represenplex
sequencing such as conditions, loops or iteratiorgigh split/join and for-each connectors.

The advantage of such an interoperation is to offeth (1) a specific editor providing easy and it
representation of some aspects of the scripts 2ndnother specific tool for representing and impating complex
sequencing (the Drools Flow interface is specificdesigned to support the representation of suebhanisms, which
can be defined via mouse manipulations). Withireagineering perspective, using a variety of langsamay also be
considered as a way to elaborate and prototypeswitiie tools and specify with others.

3.8. Enhancing semantics
We shall now see how the model semantics may baneelal.

We have mentioned that, basically, the model intoed a table structure. However, this table isnmatipulated
free of any constraint. Each manipulation is intetpd with respect to the tree representation, amuépted or not
according to the constraints defined (basicallg, ttiee constraint). This implementation approatdwal enhancing the
structural semantics by adding an analysis of #ergl actions with respect to other constraintehfieally, this may
be implemented by implementing constraints as cbntites, and firing these rules when end-usereadche table.

Control rules may be used to limit model flexilyiliFor instance, a control rule may be used to sepm particular
-or part of a particular- script-structure, relaships between notions (e.g., regulate the wayRwlay be related to
Groups or Participants) or relationships betweemd (e.g., preclude groups made up of a singlécjpamt or other
odd constructions). Control rules may also be usémplement specific intrinsic constraints as defl by Dillenbourg
& Tchounikine (2007), i.e., semantics related te Htript rationale. For instance, if specificallynsidering jigsaw
scripts, a control rule may be defined to check tparticipants of the jigsaw groups have been iffecent expert
groups”. From a technical point of view, implementisuch rules is made easy by the fact that theyatg on trees, a
type of algorithmic for which lambda-calculus basatguages are particularly suited and efficient.

It should be noticed that, here, we only describe khe limitations of the basic semantics introdlLibg the table
structure may be overcome, as a way to offer teacteme additional conceptual support if/when thisonsidered.
However, regarding the issue of supporting teachsrsuch, many other aspects may be consideredptfeging T
skeletons of classical scripts (with, possibly, tcoinrules related to their intrinsic constraints) a repository of
elements that may be used to describe activitiesles such as “synthesize” or “discuss” (with, gibky, control rules
to check whether their use is coherent); and, afs® methodological hints.

3.9. Configuring an enactment framework

We shall finally see how the*Tnodel can be used to configure an enactment framew

One approach is to implement specific pieces ofecaddressing the following two aspects. Firstjdlite the
ediT2 “resources box” with the labels of the resesrpreviously defined in (for instance) Moodlejahithen allows to
use ediT2 to represent/edit the script, draggind) dmopping these resource labels in the table. IRkdaterpret the
different script-components and generate the retedata in the Moodle database.

Another approach is to use an architecture sucblas!PS, which allows mapping a learning desigroaitferent
frameworks (Prietaet al. 2011). Using this architecture only requires déreptan adapter ediT2 notions / Glue!PS
notions. On the enactment framework side, Glue!lr&ady proposes an adapter to Moodle. Using GluedPjiysaw
script as presented in the preceding sections beiliconverted in a set of Moodle activities, offgrithe different
resources (documents, quizzes or wikis) to theesttgdaccording to the activities and groups. Aramtdvantage is
that Glue!PS allows mappings on different othemieavorks (e.g., LAMS), with different modalities.

4. Validation of ease of table-tree representatioand perceived flexibility

In this Section we consider the validation critarits the model/system easy to use by teachers?

4.1. Usability test

We tested the prototypical case we had defined,eham teacher considering an existing script (thossented in
Figure 2) and editing it. The panel included fivanary or secondary school teachers. We also irtblane learning-
scenario modeling specialist (an instructional giesi) and one modeling specialist (a computer seiamiversity
professor) as a way to get some possibly diffeirgnit.

* Technical frameworks are to be measured with redpetbeir design rationale and specifications, irethis case, ease of use. They are not to be
analyzed in terms of the quality of the producetdp$s or learning outcomes, since representatioreperationalization frameworks may be used to
implement a broad variety of collaboration scriptsjuding ineffective or detrimental ones (Weckeal.2010).
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Script#1: a reciprocal teaching script, adapted from (Rakn & Brown 1984)

The setting involves three or four students whogmieg to work on a section of text (e.g., a chgpférst, the teacher introduces different read|ng
strategies: questioning, clarifying, summarizingl aredicting. The students are required to readtele Afterwards, one of them, acting ag a
teacher, lists a certain number of questions todmsidered. The students discuss these questidrzoasibly raise others. Afterwards, the student in
the teacher’s role proposes an abstract; the gl@qusses it and modifies it until agreeing orFinally, the students make some predictions as to
what will happen in the subsequent stages of tkte[fEhe scenario then continues with another eadxt and another student acting as the teacher]

Script#2: a jigsaw script, instantiated on an energy satopic

The scenario involves a group of four studentsth&tend of the process, they must produce a conttoomment answering a set of questions. The
four students are first given a common text intdg general principles related to energy savirferil two of the students are given a text focuging
on insulation, and must produce a text listing et of possible techniques. The two other stuslemé given a text focusing on heating and, yet
again, must produce a text listing a variety ofgilgie techniques. The students are then put inite gamposed of one student that worked [on
heating and another who worked on insulation. Tér@ygiven the document listing the insulation téghes and another document listing a sef of
questions, and together must write a document aimgyvthese questions. Similarly, the two other stid are given the document listing the heating
techniques and the same set of questions, anch&gaust write a document answering these questionally, the four students are grouped. They
must compare their two lists of answers and preadiral team answer.

Figure 2. The scripts used for the usability test

The protocol is summarized in Table 5. The studyg wanducted to analyze trends reflecting the edit@nd
underlying model’s) usability and, more preciseijhether teachers succeeded in using the editorotehthe script
the way they wanted. The editor was introduced iwitks basic implementation and free of any methogical
training. We did not consider if the different repentations produced by the different teachers weraere not
semantically equivalent to each other (or to theooéal patterns) as this is not one of the godlshe basic
model/editor. We introduced two scenarios to lithi intrinsic bias that consists in introducingoanputer-based tool
and, within the same session, analyzing how usarstuSimilarly, in the questionnaire, we introddaquestions on the
script and the notions (activity, role, etc.) tokaaure teachers dissociated the editor usabilibyoh is what we were
interested in) from their personal perspectivepatential difficulties with the notion of scripthé two scripts used as
case studies and/or the notions available (howewesre of the teachers had difficulties with anytafse issues).

Table 5. The protocol

Phase Content

Phase 1 | The teacher was presented with a demaostoaediT2 (basic model/interface).

The teacher was presented with the narrative aktadcript (the reciprocal teaching script as pnésd in Figure 2
and asked to create a representation with theredite teachers were prompted as follows: “You paimplement
Phase 2 | the following script in your classroom. Use thetedprovided to create the synthetic representagimun find most
suited to plan the different steps and, while tbeps unfolds, annotate the plan, if necessarymtmitor what is
happening or adapt the script”.

A first questionnaire and debriefing were condudedollect the teacher’s first impressions, anspboad to any
Phase 3 | questions related to the editor. It determined tMaietisers were at ease with the editor featurepaded up a first
general discussion. Sample question: “What problichyou experience, if any?”

The teacher was presented with the narrative etarsl script (the jigsaw script as presented inif€i@) and aske
to create a representation with the editor (prothp&in Phase 2).

The teacher was presented with two events relatdusther jigsaw script representation and askeexmain how
he/she would react and adapt the script represemtdthe first event involves one student statimaf he/she does n
want to work with his/her assigned partner in ohéhe pairs defined by the teacher. The secondtemgnlves one
student finishing long before the others, while kinng in parallel.

The user was presented with a final questionna@sgmting four parts. First, questions on the textiperspective or
scripts in general, and on the notions providedhayeditor to represent scripts (sample questibhatve difficulties
thinking with the notions provided”). Second, qims$ on the editor. Third, questions on the waghesas engaged in
the process and used the system (sample questidosnd that the capacity to adapt the represémtdt..] allowed
me to reflect on the script, to refine my visioffWhen | represented the first script, | got righta it and adapte

things little by little”). Finally, teachers wersleed to highlight any comments or suggestions (@jisrussion). T

Phase 4

—~

Phase 5

Phase 6

The answers to the questions confirm that the edital underlying model are intuitive and easy te. usl five
teachers agreed or strongly agreed that they folumdool easy to use for the second script (fouthef agreed or
strongly agreed about the first script) and fe#tthf they had to use the tool for a third timewould be easy. All
teachers managed the technical dimension of tleefate (i.e., using drag and drop, split or memgtures) almost
immediately. None of them reported conceptual diffies. When required, overcoming the 1-n relatfop constraint
by duplicating items was mentioned neither as @eptual nor as a manipulation issue.

As contextual information, Table 6 presents tHéedint script-structures defined and used by #ahers. The
teachers represented the scripts as sequenceasdghwhere these phases, however, are concepadaltgssed in
different ways (see the variety of script-strucf)rd®ifferent conclusions may be drawn from thigedsity according to
matters of concern and the perspective on legigmaatiations of scripts. Within the open perspectiv script editing
we consider, such diversity shows that the edittowa different modeling perspectives and that bess avail
themselves of the flexibility provided. If consideg that instructional languages and editors shdedt! (support,
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constrain) teachers to adopt a particular modetiagspective, such diversity shows that the basidahmust be
accompanied by methodological training and/or epbdnwith control rules (or that another system,ivet
considering these goals, should be used).

Table 6. The script-structures adopted by the &@&ch

Script#1 Script#2

teacher#1| Group-Role—Participant—Resource-Actiyity ouprParticipant-Activity-Resourc
teacher#2| Participant-Group-Activity- Resource-Rople artiipant-Activity-Resource-Role
teacher#3| Group-Activity-Participant-Resource-Role rtiBipant-Group-Resource-Activity
teacher#4| Activity-Group-Participant-Resource-Role tiviily-Group-Participant-Resourc
teacher#5 Activity-Participant-Resource-Role Activgirticipant-Resource-Rolg

Within our perspective, we consider as very posithe fact that all teachers mentioned their highreciation that
the provided editor was easy to use and custon@zalhis allowed them to keep to their usual prastigvhile
improving on them (instead of imposing another wwvorking). Several teachers suggested extensanb as an
additional column to mention activity length or gemal notes concerning how the script unfoldedafdaptation in
future sessions, i.e., suggestions to customizedfter according to their personal perspective @adtices. This again
suggests the interest of flexibility for appropieat As an anecdote, during modeling, one teactiempted to merge
two cells when it was not possible given the 1-nstmint. She realized (after a few seconds) shédosasily and
neatly obtain a representation equivalent to thee gire wanted by changing the column order. Howesber explicitly
decided not to do so, preferring to keep two sdparells with duplicate values, stating that “shefgrred viewing the
script this way” (i.e., with this script-structuréhis suggests it is important for teachers toabke to keep to their
precise view (and the corresponding script-strajtur

It should be noticed that the fact teachers usfdrent script-structures does not imply that thejpresentations
are semantically different (different representagionay be semantically equivalent). A study intoywdachers adopt
one or another modeling perspective is most cdytaim interesting topic for future research.

Although no general conclusion can be drawn givenlimited number of participants, the differenegvieen the
input originating from teachers (our target usarg) the two modeling specialists is worthy of natasurprisingly, the
computer scientist raised the issue that such ahmggdtool did not support the modeler by imposongcise rules. She
was not at ease with the fact that she could reptethe scripts in different ways. Interestinglige tinstructional
designer found the tool easy to use for the ficsips and less so for the second (neither agreedisagrees). The
debriefing discussion revealed that this answentpdito difficulties with the model's expressivesig¢she wanted to
represent the jigsaw scheduling in a more exphety than the basic model allows). If confirmed hyttier
experiments, this substantiates the importanceseéldping and offering different representationgiaages and tools
related to different users, matters of concernabjdctives.

19}
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4.2. Analysis of the technical skills required to se the editor with respect to teachers’ ICT skills

Another more general way to phrase the usabiligstian is to consider the technical skills requit@dse the model as
implemented by the editor, and analyze them wisipeet to teachers’ ICT skills.

The technical skills required to use the editor Hrese of a table editor in a word processing efftool:
add/remove rows or columns, split or merge cellspldce an element, and copy/paste. All these retorrespond to
mouse manipulations (left-click, right-click, dragd-drop).

According to a recent report on international eigrares with educational technology in countrieshwiigh-
performing education systems (Bakibal 2011), teachers’ ICT skills are assessed in acfaamtries only, and there is
a lack of general data. However, this report higlts that most countries consider the developmestamdards for
teachers’ ICT skills as a national priority. Onlipefessional development for pre- and in-serveachers is available
in almost half of participating countries, and mamuntries provide formal online or blended coursesither build
teachers’ capacity to integrate ICT or for moreeagahteacher training, so as to make ICT skillekment of teacher
licensing requirements. In one investigation ir@d Iknowledge and skill levels among Western Augtrafjovernment
school teachers (Trimmer 2006), word processing paas of the basic suite of ICT applications usgdniore than
95% of teachers. The ICT skill item map, constrddtem the analysis of teachers’ skills, led tdeee-score division:
skill scores between 0 and 39.9 (22% of teacherstyypically have basic skills such as word progggsind Internet),
scores between 39.9 and 60.6 (53% of teachersmatie advanced skills), over 60.6 (25% of teachétis @ven more
advanced skills). The “creating tables” skill istire middle of stage 1.

These elements suggest that a model/editor requthie technical skills of an office table-editorllwin all
likelihood, be usable by a large set of teachersulr study, all five teachers had limited or goexd editor knowledge.

It should be noticed that advocating the interéstsing tables does not mean that graph-basedseuaions are
necessarily an issue. Graph representations mayalsonsidered as intuitive. However, utilizatadra workflow-like
editor is not a basic ICT skill, and requires samaning. More generally, work related to IMS-LDghilighted that
using representations inspired from data or prooesdeling such as XML-like trees or process chartsch are not
widespread amongst teachers, may be an issuedptiad (Neumanrt al. 2010).
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5. Discussion

Languages and editors are tradeoffs, design desigielating to matters of concern, targeted usedéoa expected
utilizations. The approach presented in this atisl not proposed to replace more classical grasied and more
semantically-supporting approaches but as an aliem featuring simplicity and flexibility, to besed if and when
pertinent, or in addition. In this Section, we diss its main characteristics.

5.1. Relation to the overall operationalization isse

The top matter of concern of the approach we prepeshe editing phase. Although goals are verferift, this is a
positioning similar to a language such as IMS-LBRI$HLD 2012) or Collage (Hernandez-Lebal 2006): the model is
primarily studied to offer a certain number of f@as considered of importance for allowing teacheraork on the
script (conceptualize, represent, edit). This apti® different from building the model on-the-top @ computable
representation (e.g., workflow or Petri-nets) qaaticular enactment framework specification.

From a general perspective, the rationale for adgthis approach is derived from the following lyses. Without
misunderstanding the interest of implementing C3@ttings via specific operationalization languageplatforms,
this is far from being the most common approachasic practices, and may not be the pattern tHabwigeneralized.
Currently, the spread of ICT technologies allowsyeanplementation of CSCL settings as mash-upsfiethe-shelf
tools (e.g., freely downloadable and interoperaiglmmmunication tools or resource-sharing tools)ocal adaptations
of generic platforms such as LMS, thus enablinguuse mobilize technologies according to their pectives and
contexts (Tchounikine 2011). Some works proposgetrribe scripts with respect to the generic fongtiities of Web
platforms, as a strategy to allow them to be ruthiwidifferent enactment frameworks (Wecletral. 2010). We have
mentioned the Glue!PS approach, which uses a pidatiza model to deploy learning designs expresseseveral
design languages to different enactment framew(®kietoet al 2011). The orchestration perspective (Dillenboetrg
al. 2011) emphasizes the fact that, besides the temhnirastructure, efforts should focus on hovetapower teachers
in setting up and maintaining the learning settilighus makes sense to explore means to (1) supgachers in
reflecting on the script and adapting it to thetmiext, their perspective and practices (thus Ykl facilitate
appropriation), and (2) can be interoperated witinglementary representations means and enactrnaemgfvorks.

5.2. Expressivenesand limitations

Just like any other model?Eaptures some dimensions and not others. Asaifairly general model, its limits relate to
the level of detail of the representation rathantto the scripts that can be represented. Taheshodel we collected
25 macro-scripts from the literature. All of theroutd be represented. Nevertheless, what was cabtues the
dimension of the script made explicit by therflodel, i.e., by a perspective on scripts as afsebmponents (typically,
phases). This corresponded to the core principsoofe scripts, but missed that of scripts basetbarplex scheduling
(e.g., based on loops or complex rotations) or temaxat frameworks reifying specific constraints.

An important difference with other representatisagmsitions such as Miagt al. (2005) or Kobbet al (2007) is
that the T model does not introduce a conceptual proposiitsngoal is not to present new concepts or yettaro
conceptual perspective on script. The goal is pfagmatic nature (allowing easy editing and adaptabty teachers
within an open perspective to legitimate variatjprad the entry point is the exploration of anaidasing tables as
simple and intuitive interfaces, similar to whatdbers use via office suites, and structural seogntModel
expressiveness limitations are related to thisgiesstionale.

We have already mentioned the three implicationshef model which may be considered as limitatiomemn
comparing an editor such as ediT2 with other woFkst, there is a very basic representation ofdyramic dimension
of scripts. In Section 3.7 we showed how a tabkt amgraph-based representation may be combineal\te his if it
appears to be an issugvhen considering modeling languages, it is steshgh@actice to offer different representations
capturing static and dynamic dimensions). Second #nird, there is an absence of notion-to-notiorectic
relationships as classically described via a matdet) and a basic semantics carried out by thd Eh@essiveness
and the table/tree structure. In Section 3.8 wdagx@d how semantics may be enhanced by contres il order to
address such issues if/when needed.

The rationale for the *fmodel is to enlarge the diversity of means thathers may be offered and select according
to perspectives or contexts, and not to mimic dlyeaxisting languages via different means. As nometil earlier, it
makes little sense to use this approach if thedsmpeentioned above are considered intrinsic issaféering powerful
expressiveness and precise semantics via a metatisagtandard computer science technique, candve gasily and
straightforwardly implemented, and ensures thatntle¢a-model is respected. Representing semanticeiyol rules
is more flexible but raises the difficulty of deifig a consistent and complete set of rules. Siigjlattaching complex
constructions to cells/nodes for representing i(istance) complex groupings is technically stan@anrgineering work,

> As a matter of fact, when analyzing these 25 ssrjoilected from the literature, we noticed thamptex mechanism scheduling was not that
frequent and, in most cases, could easily be impfeed by duplicating a limited number of rows @nis. This is in line with the conclusions of
Haake and his colleague who developed a languaagedbon Petri nets) allowing management of compleghanisms, but noticed that in many
cases simple sequences are sufficient (Haake &P2607).
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but may lead to a drift from the simple designaaéile. However, expressing complex by-intention meésms may
more often be an instructional designer’s conclean t&a teacher’s concern.

We have mentioned that, from a meta-modeling petsfs the table structure may be seen as an easyet way
to offer end-users (very limited) meta-modeling meead=rom a computer science perspective, the flayibffered by
the T model could be addressed by proper meta-modediciontques. For instance, thé ifhplicit meta-model could
be made explicit and represented within the sygiemm turning the editor into a generic but instated editor). This
would allow users not only to define the notionattiban be used themselves but, also, to defin@mtdi-notion
relationships, thus offering flexibility and (morexpressiveness and/or semantics. This meta-mgdeimk could be
addressed partly by an instructional designer {beromodeling specialist), in the context of a pobjor a particular
institutional setting for example, and partly bgidbers, at run time. This type of model-driven aegring technique is
pretty standard and has already been used fouatgtnal languages (see for example Nodetat. 2008). Continuing
in this direction, users could be presented witvesad representation means simultaneously modeliagscript from
different perspectives (see Lonchamp 2006 for examplowever, these directions have already beg@ioead. The
work presented in this article explores anothespective, building on different premises.

As a matter of fact, the usability test suggesas the limitations recapped here were not to begdeed as such by
the target users (to be confirmed by further expenits). Indeed, if the editor is considered fromirsstructional
designer or a modeling specialist point of viewe tmplication of the ediT2 design rationale maydmssidered a
serious issue that could disorient the user anderedifficult some tasks. However, none of the @dsteachers
expressed such an opinion. In direct contrast, tileyaised the interest of the system as a waijmjorove their
practice. As mentioned in a recent article analyZid usage, with respect to scenario representatieans, issues
such as intrinsic complexity of languages, theprapriateness to “basic” settings, user trainirggruwillingness, and
institutional dimensions are difficult to disentémg@Derntlet al. 2011). Our argument here is not that teacherslgdhou
be offered poor conceptual means (or that thellsséihould be underestimated), but that the conaiae of effective
practices and (lack of) training possibilities iscaan important aspect. Offering simple though eahmat limited
means is of core importance. This must naturallycbasidered within the perspective of offering teas (and
instructional designers) a variety of means.

5.3. Permissiveness

In Section 2, we introduced the notion of legitimatariations of scripts, and indicated it may beradsed with
different perspectives. In fact, perspectives mayddically conflicting. We have already mentiorikdt any general
language allows ineffective or even detrimentaipisrto be represented (Wecket al. 2010). However, if script
edition is considered as a phase following on femmipt design, it could then be said that repregent means should
support or even oblige teachers to keep to thetescaipt or, at the least, close to it. The workgmnted in this article
does not natively implement such a constraintnmipewers teachers to edit the script as they waativaly, the T
model is fully permissive. Given (let's say) a regentation of a canonical jigsaw script, it allovs user to change
any element. The result may be totally differeotira jigsaw script.

If our approach does not consider “constrainingitied according to the canonical script as beinfirst class
objective, it is not incoherent with introducingciucontrol/support. We indeed agree that it malkese to support
teachers in using and ensuring coherence with tsctie efficiency of which has been demonstrateddsgarch
evidence. The notion of intrinsic/extrinsic consita is an interesting basis from which to addtegsissue. However,
we believe this must be addressed within a pragnmagiproach, balancing the “conformity to the caoahscript”
concern and other concerns such as adequacy toetsaeffective contexts and professional practi@nditions,
training, etc.) or appropriation aspects. Moreovke, way the technology may be used to supporgehieachers to
keep close to a canonical script cannot be addiessparately from methodological training. Withpest to these
issues, the fact that this approach allows turiiegeditor constraints may be used to investigdferdnt balances.

5.4. Management of the table-tree representation aninterface variants

Strictly imposing the 1-n with & 1 relationship as implemented in ediT2 is a sh#figgward design decision that
avoids ambiguous constructions while keeping thieriace simple. Other options are possible. Manystractions,
though not respecting this constraint and formabiyresponding to graphs, are unambiguous. Somadjcdl sugar
could also be used to let users specify specifientions. An interface could thus be offered thaésd not strictly
impose this constraint but, rather, allows cellhave different antecedents as long as the cotisinuis interpretable
(keeping the machine representation as a treertefibérom tree manipulation algorithf)sWe have opted to keep the
representation orthogonal and simple because wetleee this constraint as an important issue.d®epting a script
within the T model does not require and does not suggest eyineg graphs: the model introduces a perspective o
scripts as sets of components, and graphs onlyaapape a way to factor values. Representing thigcspia
duplications is not incoherent with this model gah@erspective and requires little work as they easily be managed

® Such graphs, if any, denote the fact that branbhge common values, and can be deployed as tr@esitomated duplications. This is not to be
confused with using a graph modeling to represgeies as in a workflow representation.
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by copy-paste and drag and drop manipulations. Migvecripts as graphs in the full sense (i.e., ¢oade cyclic
aspects) is a different goal, and requires differe@ans.

More generally, in ediT2 implementation, we havetk® the model basic principles. Other options @ossible.
For instance, though not implementing a full-fledgaeta-model approach, additional flexibility mag provided by
offering the possibility to add additional columfesg., a “time span” column or a “personal commeyfitaolumn, as
suggested by some teachers during the usability. tAaother example is to allow recursive use oé thotions
available, e.g., decomposing activities into sutiviies. As a last example, the editor may be edéa to represent
information related to run-time management, elge fiact that an activity can be launched althougimes of the
students are still engaged in another precedingitycor should be postponed, or the fact that ativity may be
skipped or not under certain circumstances. Diffeliaterface decisions may also be made. For instam our
implementation, splitting a cell corresponds to tireation of sub-rows (horizontal split). Verticgplit could be
considered as a way of adding a column at the puaietre the cell is split. Our design decision iatthince columns
denote the script’s structuring notions and thatdkcision to use a new notion affects the erdipést insertion of a
column is not proposed at a local level (when abersing a cell) but at a global level (when condiatgrthe table).
Columns are inserted to the right of the table @amdthen be moved to the left.

The interest of the proposed model and editoras tiirey are simple. Many smart ideas could be addedever,
adding extensions out of any precise context ischaisgineering work that could lead to complex datolyrinthine
interfaces. Although computer scientists often tendllow all possibilities at the cost of complxiour opinion is that
this is not necessarily very positive for the efifee use of software in education. We rather adistiaat if, in a given
context (e.g., an institution or a project), therent editor principles appear pertinent but thespnt implementation
presents hindering limitations, the latter shouddallapted according to this context’s specificities

6. Conclusions and perspectives

The work presented in this article is a contribomtio the on-going effort of the CSCL community tody script

operationalization. It focuses on the editing isand explores an alternative to graph-based remtasens, featuring
simplicity and flexibility. The model is based orstmaightforward visualization as a table, whicloak adaptations in
the form of direct manipulations. The basic expreswess and semantics present some limitationsniayt be

enhanced. The usability test suggests that the Iitdeface is easy to use and that teachers évarhselves of the
flexibility available to model scripts accordingtteeir perspective.

This work raises a certain number of research @rest which we will phrase in a general way as jbbss
perspectives for research by the CSCL communityystig script operationalization.

A first set of research questions relates to hotwy,vand to what extent teachers use flexibilitytdeas, and in
particular representation flexibility, in both lamd basic professional contexts. When teacherghisdlexibility, it
should be determined whether this has an impattein appropriation of the means available (elwe,dditor available
or predefined script patterns), their effective akscripts in basic practices, and the “quality'ttee represented scripts
with respect to (1) the scripts’ intrinsic prinagl (see notion of legitimate variation) and (2) ¢ffective setting. The
analysis of the quality of the produced scriptsl wiko be a context to further investigate if thtbta presents any
hidden difficulty and, in such a case, what suppmay be offered.

A second set of research questions relates toatamde between flexibility and support, and theseikto which it
may be advantageous to enhance the basic modajiiea context (e.g., a project or a group of teas)) or at some
point in the modeling process. A related issueoistudy the implementation and interest of intdnand extrinsic
constraints as defined in (Dillenbourg & Tchoun&i2007).

A third set of questions relates to the use of suehript representation to support a teacher-gehi@rchestration
of the setting. In particular, one perspectiveoisstudy how a table representation may be enhatceénote some
aspects of script unfolding and be used as a ntimitaevice.

Finally, on a more technological note, there aseaech questions related to interoperation obabed editors with
other representational languages and technolofyaakeworks.
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