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1 Executive Summary

This document accompanies the release of the second versions of the Open Learner Model, Communication
and Negotiation, and Repertory i@rfor Formative Assessment tools, originally released and described in D4.2.
The D4.4 tools take into account the revisions and extensions to the tools as described in D4.3; results from
teacher workshops; and some of the staibthe-art research that ha been recently developing, that was not

all publicly available at the time of writing D4.3. Our second release also includes experiences from the relevant
NEXITELIpartners during development, and feedback from the reviewers at the first annual review.

TKS 2Ly fSFENYSN Y2RSt Qa Ol iskadifaiedthroligd AFIsAayiq its o2 witkidi K S NJ LN
the overallNEXITELlarchitecture more clearly formulated. Much of the data coming through NEeXITELL
components may ultimately end up caitiuting to the open learner model (demonstrated more fully in the

next release), while additionally, and a focus of this deliverable, can come directly from wddch includes

input based on automated activities (e.g. Open Sim data transformed byettwher using ProNIFA). Thus,
while the eportfolio has come further to the forefront (see D3.4), the open learner model remains central
particularly as a tool for teachers.

The link between the requirements for negotiating the learner model and the camcation and negotiation

tool has been clarified, and these are now linked through an API. The communication and negotiation tool can
be used throughout theNEXTTELLinfrastructure, but we focus here on examples for negotiating the learner
model.

The repetory grid for formative assessment tool has been updated based on the results of participatory design
workshops (reported in D2.8), and its role as a potential source of information for teachers to add further data
to the learner model, explained.

© NEXITELL consortium: all rights reserved pagel
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2 Introduction

2.1 Purpose of this Document

This document reports ot K S  W{ (i dzZR®RIQ a 2 RSt

2.2 Scope of this Document

This document covers the following aspects of the workpackage 4, n&gdbliverable:
Learner model data sources

Learner model visualisation

Commurication and negotiation tool

Repertory grid for formative assessment

= =4 —a =4

2.3 Status of this Document

Final version

2.4 Related Documents

Before reading this document it is recommended to be familiar with the following documents:
1 D4.1 Methodand Specifications for thStudent Model V1
1 DA4.2 Student Model Tools R2
1 D4.3 Methods and Specifications for the Student Model V2
Documents which complement this document include:
1 D24 ECAAD Tools R2
1 D2.8Report on Classroom Research with STEM and TESL Assessment
1 D34 Activity Captiring Tools R2

© NEXITELL consortium: all rights reserved page2
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3 Learner ModelData Sources

This deliverable focuses on the open learner model (OLM) component of Figure 1 (lower right), which is based
on data running through the various oth&EXTTELLcomponents, to the OLM; or data coming directly into
the OLM through some other automated or manual route.

Other forms Artefacts
of setup

Negotiation Tool ]

i

| Learner presentation >

b T

e
Toacher

Learning @ Portal
Environment

s L)
Activity Tracker OLM

: U

Activity Visualiser

| Direct assessment (e.g., Moodle Quizz, OpenSim quizz) >
1

|
[ Specialised Knowledge Diagnosis Methods (ProNiFa, RGFA) >

Figurel:a ¢ KS . A3 t AO0 dzNB ¢

This section introduces some of the statkthe-art around use of multiple data sources in learner modelling,
followed by theNEXTTELIOLM approach with reference to this.

3.1 Data Sources: State of the Art

Russell (2010) highlights the temt to which the amount, detail and speed with which learner data can
currently be collected and summarised, enables greater opportunities for timely teacher interventions and
datarich evidencebased decisioimaking. This relates to cognitive density described by Crawford et al.
(2008) in terms of student engagement and teacher decismaking, applicable in an OLM context (see D4.3;
Bull et al., 2012). Open learner models are now being designed to take into account potentially diverse data
(Mazzola &azza, 2010; Morales et al., 2009). Recent work proposes combifpogfelios and independent

open learner models to provide data for other learner models (e.g. in standalone adaptive military training),
thereby involving learner modelling across mukiplpplications (Raybourn & Regan, 2011). Cruces et al. (2010)
provide a tool to integrate and edit models, supplemented with a separate open learner model to interact with
other learner models based on different learning resources. Their approach isdherefgeneric one. Dolog

and Schaefer (2005) introduce a framework for exchanging learner profiles between various sources, including
the evidence for the learner model data to allow another system to interpret its meaning appropriately.
Although the NEXTTELLapproach does not provide information for, or transfer learner model information
across external systems in this way, issues such as those in related methods are also important here (e.g.
evidence for incoming data, potential inconsistencies and fyi@f information from different sources). Thus,
these are amongst our starting points.

© NEXITELL consortium: all rights reserved page3
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3.2 Data SourceNEXITELL

Data sources for th&lEXTTELLOLM currently include direct teacher input (e.g. following a discussion with a
student, after marking work, oNB & dzf GAy 3 FNRY yS3I20GA1LGA2Yy 6AGK | addzRS
data may have come straight from a person into the OLM, or may have come via a teacher, in an artifact or
process appraisal as shown in Figure 1, between thertolio and OM.

Automated data from technologies are also shown in Figure 1. These include direct assessments such as
Moodle quizzes, activity in OpenSim, Google docs, spreadsheets, social networks, OpgmnStili@ self
assessment/evaluation forms, and other comtgr-assisted learning or adaptive environments. Data might also

be transformed by the teacher using tiNEXTTELLProNIFA tool. Combinations of input to the learner model

gAft RSLISYR 2y G(GSIFOKSNEQ OK2AOSa& 2 7F cah GdieptddirangeSoa T2 NJ |
automatically generated inferences from data sources in xml format, as part of its APIl. For example:

<?xml version="1.0"?>

<add_to_model>
<userid> tmaki </userid>
<usertype> student </usertype>
<contributorid></contributorid>
<contributorname></contributorname>
<evidencesource> OLMlets_inference </evidencesource>
<evidenceurl></evidenceurl>
<tags></tags>
<activityid> 1027 </activityid>
<competencyid> 645 </competencyid>
<knowledgelevel> 0.7 </knowledgelevel>
<str ength></strength>
<guidence></guidence>

</add_to_model>

An example from the current version of the software, of learner model data from teacher input, is shown in
Figure 2. Assessments of student understanding or competencies may be tendered to teg asstciated

with defined specific student activities (which may be electronic or pdypeed), and associated with
competencies. This is soon to be extended to studentasdbssment, peesissessment and parent input (e.g.
according to activities undeken outside school), with the teacher having an optional administrative role to
approve what information should be allowed to enter the learner model.

© NEXITELL consortium: all rights reserved page4d
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Figure2: Teacher input to the learner model

In addition to numeric feedback that also contributes to the learner model (see star input in Figure 2), input
may be asdxtual feedback (student strengths, and guidance or areas for improvement). Textual feedback is
not transformed by the modelling process, but is available for inspection, supporting the outcomes of the
modelling process. It is designed also to help in staglentteacher negotiation of the model (perhaps using
CoNeTo- see Section 3). Model data may also be supported by the inclusion of a hyperlink to evidence
supporting a specific assessment, for example, to a lea#in@sgd artefact stored in the-portfolio, Moodle, or

a Google document. These are links to the artefacts in the evidence layer. Drilling down through the model
information will ultimately arrive at these artefacts. An APl is under development to also allow automatic
linking of items of datarébm other pieces of technology, such as OLMlets (Bull et al., 2010) and Moodle.

Currently, by default, the most recent data from the various sources has higher weighting, according to the
following algorithm:

new_value = new_data x depreciation_factaslét value x ( depreciation_factor)

This is a fundamental aspect of the modelling process. Clicking on an item in the OLM interface displays a
narrative of information qualifying how the model value has been derived (shown in Figure 3). This adds a lev

© NEXITELL consortium: all rights reserved page5



D4.4
Student Model Toold2

of transparency for the user to see the modelling process. At present this is numeric, demonstratingfproof
concept- the data is available and can be easily accessed. Work is underway to makethis interface more
graphical andeadily interpretable bysers.
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Figure3: Evidence for how learner model information wakerived

It is possible for teachers to prioritise data from different sources according to their own requirements in or
outside the classroom. Parameters are available, set initially to defaults (equal weighting). An interface is
currently under developmerto allow teachers to manipulate these parameters. When activities, units of work,
subjects and competencies are combined, these influence which parameters are taken into account. When
information from multiple students is combined, all students receiaeegual weighting; no one student can

be set to bemore influential thanany other.

This allows, for example, an English teacher in Norway to specify that an OpenSim activity indicating that
beginner level learners using an avatar can follow simple dpas&uctionshas greater weighting in the
learner model than information from related questions in a multiple choice quiz. Similarly, in a 21st Century
skills and collaboration context, a student facilitating a meeting might be expected to have mouerteq
interactions during the meeting (e.g. to move between agenda items), than some other meeting participants.
This role is consequently likely to require different competency weightings than other @fegoing work
throughout the project is considerinthe extent to which the various data sources should contribute to
representations of specific competencies in our example subject areas, to provide recommendations for
teachers should they wish to have advice on overriding the default in any case(s).

© NEXITELL consortium: all rights reserved page6
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3.3 Data Sources: Examples

We here provide examples to show how data can enter the learner model from different sources, in addition to
that given as our illustrative example in Figure 2.

3.3.1 Example 1: manual input of data from online or fate-face meetings

Becaus it is a challenging task for a teacher to miananage group work (with or without ICT) in a classroom

with many students, software such as LAMS (http://www.lamsfoundation.org/index.htm) has been developed

G2 YAGAIFGS GSI OKS NXo&h, @e ahytd go begdhd det®ity Radingl(e/y. a8 idaplémieritddJ

GAGK [!a{0 o0& LINRBQOGARAY3I GKS S| eiRyMNarding orkthe @omaedency Ay T2 N
level. Our approach also makes intentionally more use of the students themsed\asesource for managing
collaboration: by putting a few students in the role of meeting facilitators, the teacher has fewer activity
management tasks to deal with and can concentrate on the overall classroom process, rather than individual
groups. We coa A RSNJ (iKAa (2 o6S | O2yGNRodziAzy (2 GKS OKIffS
Fischer, 2007). At the same time, students are provided with authentic opportunities to practice preparing and

running online and faceo-face meetings, a compency that is valuable both inside and outside schools;

especially since meetings can take up substantial time in the workplace (Romano & Nunamaker, 2001). We
describe below, aspects of the meeting process: planning, facilitation, and documentation andinaation

of outcomes in relation to OLM competencies. (We propose that, to validly provide authentic opportunities to
A0dzRSydas 2dzNJ O2YLISGSYyOASa YIFIGOK (K2aS BfSaaeWheSR T2 N
OLMcompetency relationship, édetail is presented in this deliverable. However, it applies across several
deliverables.

Planning

The meeting process begins when an individual determines that a meeting is required. Francisco (2007) created

' aK2NI o6y 1jdzSadA2yrQ e Ol s pan bejuked ot the idenBifidation 5f3his. For

SEFYLX S a/ly @&2dz aidltdS GKS LidzNlJgférrBatiof Jou BedddmNine®tS S G A y I ¢
LINE RdzOUG A BSt e8Ké OCNIyOAal2Y uHunntud {SA02fR omMPpT pv  F dzNJ
purpose(s) of the meeting and delineating a range of goals, to create the basic structure of the meeting. The

next siage is to decide on the group composition for the meeting, to ensure that all those affected, are present
(Seibold, 1979). The tasks involved in thiscluding allocation of roles and responsibilitiesan be seen to

form their own competency below. laddition, all members should be briefed on the points above through an

agenda, allowing individual feedback prior to the meeting (Seibold, 1979). Weston (2009) also emphasises the
importance of group participation before the meeting starts, with a seriesteps to improve preparations

before a meeting. This includes introducing complex issues at one meeting and deferring discussion and
qguestions for the next meeting; and the importance of supplying written materials to participants in sufficient

time prior to the meeting. Participants should then read the material in advance, and perhaps have informal
discussions beforehand. Updating the agenda may result before a meeting (Macaulay & Alabdulkarim, 2005).

Kaner (2007) suggests that an agenda should comghrise basic points: (i) the topics to be discussed; (ii) the
desired outcomes for each topic; and (iii) processes needed to achieve the desired outcomes. A variety of
activities may be used in a meeting (Kaner, 2007) which can be teamed with relevdriflewslvement and

time estimates in order to specify the processes needed to achieve the desired outcomes. For clarity, desired
outcomes should be split into: the overall goal for the topic (what final result do we want to achieve in order to
be finishel with this topic); and the meeting goal (what narrowly defined, specific objective do we want to
achieve for this topic at an upcoming meeting?). Kaner (2007) states that these goals do not necessarily have to
be written in the agenda, but should be exliy stated during the course of the meetinghus there is

overlap with the next section (meetings and facilitation).

Once the composition of the meeting has been decided, all appropriate group roles should be delineated,
responsibilities assigned andthority delegated where necessary (Seibold, 1979).

Jonker et al (2007) suggest that at least two key roles of chairman and secretary are necessary when inspecting
individuals in a meeting scenario.

© NEXITELL consortium: all rights reserved page7
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Meetings and Facilitation

A meeting facilitator may effgively set the frame by describing: the task, the outcome, the process, the
rationale for the process, and the expected amount of time required (Kaner, 2007). Data resulting from group
discussion or brainstorming may need to be sorted usingdgfined citeria or creating categories, and the list
may need to be reduced through prioritising items.

To conduct a meeting in a meaningful way, it is necessary to balance creative and critical thinking to
productively support discussion and decisions (Franci60;7). A facilitator might use different types of
intervention strategy if problems develop during a meeting, for example: interpretation (shifting focus to the
process, describing, inviting discussion); direct action (interrupting meeting flow e.g. pireyémerruption,
encouraging an individual) (Viller, 1991).

A meeting exit survey may be used to evaluate a meeting, for example: "How well did we use the time
allotted?", "How well thoughbut were our decisions?" (Francisco, 2007). Exit survey questtam also

address the skills of individual participants, such as "How effective was the facilitator?" Indeed, questions
similar to these have been used in consultancy, in relation to evaluating theeffestiveness of meetings,

adzOK | aY G¢RSNXWNEBYGA YyASEHBEAYyIEa STFFSOGAGSteésr axtarads
SYGANRBYYSyYy(li 6KSNB 1LIS2LX S INB O2YF2NIFo6tS RAaAFINBSAY

Documentation and Communication of Outcomes

While a meeting must be documented by capturing niésuand noting actions (Francisco, 2007), this need for

a record is often overlooked by students and, indeed, some textbooks do not adequately cover all types of
minutes in different settings (Wolfe, 2006). Thus, it is particularly important for teacBers § y & dzNBS & (1 dzR Sy
awareness of this requirement. This explains our distinction of competencies related to these issues, as a third
category, despite their apparent relative simplicity.

Technology Support foNEXTTELL

Different technologies can provide fiirent levels of system support to meeting facilitation, e.g. from
complete automation with no facilitator function, to simply providing support for recording and reporting
information (Macaulay & Alabdulkarim, 2005). NEXTTELLs designed for use in e@nge of subjects and
settings, we concentrate on generic tasks.

LY 2NRSNJ G2 LINRPGARS GSFOKSNE gAGK AYT2NNIGA2Y 2y &didzF
students may plan their meeting using the Planner (middle left of Figur&@hij.allows comparison of the
meeting as planned with the meeting as conducted. Planning a meeting consists of sequencing a number of
group activities, which are represented as meetlets. Meetlets combine the description of a series of steps (e.g.
the steps necssary to have a group perform a brainstorming activity) with a specification of the tools and
artifacts with which to conduct the activity. For instance, for a brainstorming activity this could be a
(collaboratively edited) Google Spreadsheet document. tMé® also contain information about how to
evaluate the success of the activity; e.g. in a brainstorming meetlet, this could be the number of ideas
generated (further explanation of meetlets is given in D3.4). This information is used to update the enoypet
model of the facilitator and/or group members.
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Meeting Activity
Rationale

Micro Steps/Activities N
:12 . [:> [ Activity Stepper J |:> N ]
3.

Artefact Template(s) Tracking

Data Base
Assessment rules &
Updates of Student |:> Assessment Engine |:>
Model ~_

Y

OLM

Figure4: Meetlet structure

Figure 4 depicts how information in the meetlet structure is used to drive a specific meeting activity and to
appraise/assess an activity. For the case considered here, the meeting is conducted online. The descriptions of
the substeps of a activity (for instance, for a brainstorming activity this may include eliciting and combining
individual ideas) are interpreted by the Activity Stepper (lower left of Figure 1) that guides the team members
through these steps, and then rules describirgphthe resulting artefacts (e.g., individual and collective idea
lists) are to be appraised, are applied to the artefacts. This artifact appraisal information is then used to update
the learner model.

We are considering simple appraisal rules that buildimfiormation directly available in the artefacts. For
example, for brainstorming, the number of individual ideas, collective ideas, and the ratio between them, can
be used to formulate appraisal rules. More advanced rules could calculate the semantapdyetiveen ideas
generated individually and those proposed as a group solution, but are at present not implemented. Our focus
is currently on how to represent knowledge that is typically formulated by teachers in rubrics in a way that can
(in principle) benterpreted by machines.

Based on the above literature about meeting structure and facilitation, the following competencies (and sub
competencies) to be modelled and displayed in the open learner model have been defined, for (i) planning; (i)
facilitation; and (iii) documentatioand communication of outcomesf meetings.

Planning Meetings

1. Determine whether a meeting is necessary
- identification of clear purpose

- identification of set of goals

- setting sufficient duration

2. Determine group roleand responsibilities

- inclusion of all relevant stakeholders

- identification of roles of secretary and chair

- correct allocation of roles and responsibilities
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3. Creation of agenda

- agenda content: topics, desired outcomes, processes to achievemes;o
- circulation of agenda prior to meeting

- sufficient time allowed for participant feedback

Meeting Facilitation

1. Setting the frame

- task introduction

- statement of outcome
- process

- rationale

- duration

2. Intervention strategies (as approate)
- interpretation (shifting focus to the process), describing, inviting discussion)
- direct action (preventing interruption, encouraging an individual)

3. Sorting datdas appropriate)
- pre-defined criteria

- creating categories

- prioritising iterns

Documentation and Communication of Meeting Outcomes

1. Documentation
- capturing minutes
- noting actions and deadlines

2. Communicating outcomes
- distributing minutes
- passing on information to/discussion with relevant others (identified in actions)

Kaner (2007) distinguishes a number of meeting purposes, from information distribution to creating
commitment for decisions, and a different engagement levels group activities. Both relate to agenda
planning in the sense that the meeting activitiesosld match the meeting purpose with respect to activity

level. Hence, looking at an agenda, one can make judgements as to how appropriate the planned activities are
vis-a-vis the meeting purpose in terms of the (average) engagement level. In order toretfas kind of
appraisal, one needs to have each meeting activity in the agenda indexed by its engagement level. This will be
our upcoming focus for further development of the meeting competencies in the project (and hence, to be
represented in the learmmemodel).

Manual input to competencies in the learner model may come from peers (ongoing) and the students
themselves, provided as in Figure 5, where numerical assessment is provided, and additiorrab¢ietied)
comments are possible.
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You are providing information for the student Sarah Wessely for the activity 5. Council Meeting

Competency Model Strengths (Text) Guidence (Text)
|Able to identify appropriate
1.1 Determine whether a meeting is necessary (C21 Skills: Meetings > 1. Planning Meetings) S S 2 2 & 8 items to be carried forward from
a previous meeting P 2|
Is there a way of demonstrating
1.2 Determine group roles and (C21 Ssills: Meetings = 1. Planning Meetings) 2 v e s d that you are all agreed on these
4| roles?
4
1.3 Creation of agenda (C21 Skills: Meetings > 1. Planning Meetings) =2 2 8.2 8.8 0 4
4 4
How might you go about
2.1 Setting the frame (C21 Skills: Meetings > 2. Meeting Facilitation) =32 8 8 & introducing each item on the
4 )
Pgenda. P
2.2 Intervention strategies (as appropriate) (C21 Stills: Meetings > 2. Meeting Facilitation) =32 2 2 0 8. 4
% Vi
2.3 Sorting data (as appropriate) (C21 Skills: Meetings > 2. Meeting Facilitation) G2 S 2. 2. & 5.1
4 4
3.1 Documentation (C21 Skills: Meetings > 2. Documentation and Communication of Meeting Able to create concise summaries
Outcomes) SR 8.2 2.8 2 8 ¢ ) )

Figureb: User assessment

These competencies and others form part of a defaultisethe learner model (which can be added to by
teachers), including support for competencies in German (for IT skills) and Norwegian (for English as a Second
Language) see Figure 6. Further information about the English and IT skills competenciesigngd4e 3.

F e e e 3 5]

- C | [ eeevlebham.ac.uk/nexttell-cas/configure/competencies,jsp bk E] B f

Add Information  Subje ctivities  Groups And Students  Competencies S

@ This page allows competencies to be defined.

Competencies
Bl Al Competencies (id:0) add | rename | x|
EF €21 Skills: Mestings (id:258) add | rename] x]
+1-(] Dacumentation and Communication o Meeting Gutcomes (id:361) add ) rensme | x)
#-(J Meeting Facitation (id:362) add) rename x]
B EPianning Meetings (4 363) add) rename) x)
EHE=1. Determine whether a mesting is necessary (1d:364) 205 ) rename | x|
0 identification of clear purpose (id:365) add | rename | x|
{{J identification of set of goals (id: 366) add | rename | x]
(] setting sufficient duration (id:367) add) rename | x|

(3 2. Determine group roles and respensibiliies (id:363) asg) rename | x|

(33, Creation of agenda (id:372) asd ) rename | x|

=l-G-Engelsk (id:328) add | rename | x|

(] Kommunikasjon (id:330) add | rename] x ]

(CJ Kuttur, samfunn og litteratur (id 331) add ] rename ] x]

EF > Sprikleering (id:329) add) rename ) x)

(7 beskrive og vurdere egen framgang | arbeidet med 4 leere engelsk (id:335) a5 rename) x|

m

0] bruks et bradt utvalg digitale 0g andre hielpsmidler, inkludert ettsprakiige ordbaker, pa en selvstandia mate (id:336) add) rename | x]
] bruke relevant ag presis terminalogi for & beskrive sprakets formvark og strukturer (id:334) st rename| x]

3 drofte likheter og forsieller mellom engelsk og andre: fremmedsprak og utnytte dette i egen sprakizering (id:333) add ] ranama | x|
(3 utnytte og vurdere ulike situasjoner, arbeidsméter og strategier for & leere seg engelsk (d:332) 20 rename | x)

(] English (d:197) a0 rename | x]

=-GICT (1d:228) 204) rename] x|

(] 1 informationstechnologie, Mensch und Gesellschatt (id:228) add | rename | x|

=] (22 Informatiksysteme (id 230} add ) rename | x|

{{J 2.1 Technische Bestandteile und deren Einsatz (id: 237) 2dd | rename | x]

(2.2 Gestatung und Hutzung persnlicher Informatksysteme (id:235) s0a ) rename ) x)
(2.3 Datenaustausch in Netzwerken (id:235) add ) rename | x|

-2 4 Mensch-Maschi (id:240) add ) rename ) x)

3241 Ieh kann verschiedene Woglichkeiten der Interaktion mit digitalen Gerdten nutzen. (id:284) a4 rename | x|

(J2.4.2Ich weil, dass meine Interaktion mit digitalen Geraten vom jeweiigen Gerét und Betriebssystem abhéngig ist. (id:283) add ) rename x)

BHC32.4.3 Ich kann grundlegende Funktionen einer grafischen Benutzeroberfidche bedienen. (id:262) aéd) rename | x|
#-(3 Anwendungen (id:231) add | rename | x| b |
(] 4 Konzepte (id:232) add ] rename | x|
EF = Mathematics (id:382) add ] rename | x|

P15 dditinn (i 2221 ~dd | smmmmnn ] ]

Figure6: Teacher view of/access to competencies dhtse

OLM
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3.3.2 Example 2: teachergansforming data using ProNIFA

Similar to Example 1 in terms of people inputting information directly into the learner model is the case of
teachers using ProNIFA to transform data to make it more suitable for the learner model, as much data is not
readilyavailable in competence form.

We illustrate with a set of activities aimed at-12 yearolds, including an electronic reading and listening test

and interactions in a virtual world (Ope&im). Assessment methods (automatic and manual) are applied to data
from these activities to determine achievement level for relevant competencies. Each activity provides an
example of classroom data. The first, the online CLIL listening and reading test, has a mix of item types:
multiple choice, click item, click text,igt name, click word, move paragraph. The test is described in more
detail in D2.8. Each item is weighted according to difficulty by professional test developers and these weights,
along with student answers and other test item information, is used by FANsee D2.4), an automatic
assessment method, to generate competence levels for students taking the English reading and listening tests
before data is passed to the OLM.

The second data set derives from activity within OpenSim and includes chat logdadaadrecordings of
activity in 3D space. For example, from OpenSim we get (i) a simple chat log file (time stamp, chatting
person/entity, chat text); (ii) a set of competencies (CEFR skills shown here), specified in a text file (number, id,
initial probability that students have that skill, short description); and educatefined (scripted) rules, which

vary from very simple such as checking whether a certain entity writes a certain text; to more complicated,
such as computing distances travelled in thtual environment.

® [07:21 UTC] <b><i>Teacher</i></b>Well done, Karen.<br>

(i) 001 CEFR#094 0,5 Listening Al

(i)  [Rulel]
Who=Teacher
What=Well done, <NAME>.
ASkills=1;2
AUpdate=0,2
LSkills=3
LUpdate=0,1(If theteacher says "Well done" and a nhame, the probabilities of skills 1 and 2 for learner
<NAME> are increased by 0.2; and for skill 3, decreased by 0.1.)

ProNIFA parses the log files, checks whether the rules apply and updates the probabilities of theeomiepet

(and the probability distribution over the competence states). Further detail about data format is given in D2.8.
The result can be displayed to teachers (e.g. in bar chart or table form), as illustrated in Figure 7, for them to
transfer to the OLMas in Figure 2). (The next tool release will also allow some level of automatic input from
ProNIFA to the OLM.)
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Figure 7: Displaying probability distribution to teachers

ProNIFA
The ProNIFA installation package is available from the NWEKI tools website:
http://sandbox.nexttell.eu

3.3.3 Example 3: rubridbased assessment

This section focuses on the kind of assessintkat is frequently performed in classrooms, but does not refer

to problem solving steps, and does not rely on a trace of single steps (as they would be captured in a log file,
F2NJ AyadlyOoSod ¢eLAOlf SEI YLX S& dkeéidBes, dSigrd knigdia | LILINT )
products) and complex performances (such as giving a presentation, playing an instrument). Such types of
assessment are not covered by methods such as ProNIFA, that require a sequence of answers to individual test

item soluions or problem solving steps on a figeained level of detail.

Teachers often use checklists and rubrics for these cases. Both can be represented as tables. A checklist is
usually applied to an artefact (such as a document) or to an observation to isktabht either of these has

certain features. The result of a applying a checklist is usually a Pass/Fail decision (has/does not have all
features required.) But it can also be a incremental score, which brings it closer to a rubric. In terms of
competendes, a single checklist usually would inform only one competency, if any. But this does not
necessarily need to be the cas&.checklist can be applied to a complex artefact (e.g., a meeting agenda
document), and can inform multiple competencies (for amte, agenda planning skills and word processing
skills).

CHECKLISTS
Criteria Value if present  Value if not present
Al (usually 1) (usually 0, but can be negative when faatmpensablg
A2
A(l)
Score: (x out of max ScorePartl: ScorePart2:
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For moredifferentiated and possible multidimensional assessment, rubrics are used. If a rubric has just one
row, it is kind of a checklist with a finer granularity of judgement than just Fail/Pass. But usually, a rubric has
multiple rows (dimensionsfgudgement).A rubric typically has the following general form:

RUBRICS

Criteria Lowest levele.g., 1) we . .. Highest Ilevel Optional
(e.g., 5) Weighting

Al (Description of evidence
for cell value)

A2

(..)

A(l)

Optional total (value)
(weighted) score:

Students can also benefit from rubrics, as they are likely to more readily understand the reasons for their
assessment scores when they are also given the rubrics (Barney et al., 2012). This is particularly itnportant
formative assessment contexts such as ours.

In addition to descriptive suggestions for rubric design (e.g. Mertler, 2001), there are many tools that help to

create checklists and rubrics (such as rubistar.4teachers.com) as well as sites that prosideada rubrics

(eg., http://www.lauriefowler.com/rubrics.html). However, for a teacher it would be unusual to think about

how the appraisal of an artefact or of a performance relates to a competency. Either the artefact/performance

is appraised, and maybe mark is given for it, or in some cases the appraisal may be relatedgtandard

Standards are similar to competencies, but they are not necessarily psychologically motivated; many standards

' NB LzNBE O2yiSyid adlyRIFINRa 64aidzRSyida YIFI&AGSNB E£€00
Since wewant to model assessment rather than provide a specific instance of a rubric (or rubric generator),

and since we want to be able to support the assessment automatically where possible, the rubric generator

type of software is of limited use to us (note thabric generators are just that: they help with the generation

2T GKS NHoONARO o601 06ftS0X odzi R2 y20 adzZ2 NI GKS | LLX A Ol
sites are of great use, however, because they can help us, andsdto decide which dimensions should go

into an appraisal/assessment. But for (partially) automated assessment, a more foundational solution is
needed.

¢2 SELINBAaAa NHz NAO& Ay Nz S F2N¥YI 6S 62dxd R Klz@S§ Ay Sl
GKSy Oflaairfe I NISTFIOGKLISNF2NYIYyOS Ayiz2 (Ki®ated0Stft ¢z o4
artefact or performance. Hence, a fairly natural way to represent rubriddEKITELIcould bedecision tables

They can expresidzt S € 23A 0 YR GKSANI Gl odzf F NI F2N¥YFG YIFE{1S GKS)Y
particular teachers who use rubrics. (As exhibited above, checklists and rubrics are readily depicted as tables.)
Decision tables have the added advantage that tbay serve as the basis for declarative programming: Ifwell

formed, they can be automatically transformed into executable code. A more abstract, and more general

notion that has been derived from decision table is decision model, with foundations andcatjpis

described in Von Halle & Goldberg (2010).

Formulating decision tables is essentially all that the teacher and/or the assessment expert (which may be a
teacher in some cases) need to do to describe an assessment. In order to turn this assessnerintoi@h
executable method, a modelling/programming expert would need to come in to relate the variables mentioned
in the decision tables to actual data.
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In conclusion, using decision models/tables as the tool to express the logic for artefact assessmean
distribute the design of the assessment model/method over three roles:

1. Pedagogical expert (teacher): Appraisal of artefact/performance formulated as evidence decision rules
in form of decision tables.

2. Assessment expert (amongst them, speciallyinied teachers): Relation to and updating of learner
(competency) model; also formulated in decision tables (In cases where teaching/learning standards
are relevant for teachers, this may be expressed as a update of the extent to which a student masters
a gandard; in this case, the teacher would also be involved in formulating the Learner Model updating
rules, since the teacher will be knowledgeable about the standards.)

3. Technical expert: Relating the decision models (tables) to data sources & dirantiee decision
results to the right receiverdgarnermodel, human users).
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4 Learner ModelVisualisations

This section updates the statd-the-art in learner model visualisation including work published since the last
deliverable, and shows hoWEXTTELLs d-awing on this in the choice of visualisations.

4.1 Visualisations: State of the art

Various OLM presentation examples have been described in the literature for university students (see Bull &
Kay 2010, for a more detailed overview). The most common visualisatised in courses include skill meters
(Bull et al, 2010a; Mitrovic & Martin, 2007; Weber & Brusilovsky, 2001); concept maps (Mabbott & Bull, 2006;
PerezMarin et al., 2007); and hierarchical tree structures (Conejo et al., 2011; Kay, 1997; Mabbolt, & Bu
2006). Recently, tree map overviamomtfilter approaches to open learner modelling have also started to
appear (Bakalov et al., 2011; Kump et al., 2012). The range of potential (human and teclyattered) data
sources demands methods of learner dab externalisation that can either be adapted according to the
specific data sources, or methods that are sufficiently generic to be applicable in the range of cases. As
previously argued for generic open learner model contexts (Albert et al., 2010pkeete latter approach in
NEXITELL

The student OLM iNEXTTELLmMay be used with learners having a range of ages. At this stage at least, we
provide a single set of visualisation options across all students; and a single (partly overlapping) set for
teachers. This is in part to enableNEXITELLOLM that can be taken up quickly, according to the classes
available and wishing to use the OLM; and in part to accord with studies suggesting preferences for simpler
learner model views: there does not (yet) pgar to be a general need for more detailed views for more
advanced (and older) usersthough much research still remains to be undertaken. This will be part of our
research contribution in later stages of the project.

To illustrate the above: a recent eyracking study of university students trying to understand four learner
model presentations kiviat chart, concept tag cloud, tree map and concept hierareligiyind the kiviat graph

and concept hierarchy to be more efficient (for understanding the espntation), than the tree map and tag

cloud (Mathews et al., 2012). Furthermore, the kiviat chart was considered to be the best format through
which to gain a quick overview of knowledge; although other views were useful if further detail was required.
Based on these results, Mathews et al (2012) conclude that the most useful visualisation is likely to depend on
the context for which it is being used. Another OLM “geking study found that, when concept map, pre
requisite map, tree structure of conceptdree structure following lecture topics and stdipics, and
alphabetical index of the same underlying model were compared, visual attention in a view depended on
GKSGKSNI 6KS @GAS¢6 ¢l a | Y2y3aaild GKS dza SN A viewMBIFBUNNER OA ¢
et al., 2007). Albert et al. (2010) state that university students thought simpler views were understandable and
suitable for gaining an overview of their learning; while a more complex activity visualisation was less popular,
perhaps beause the complexity of the information was difficult to understand. Duan et al (2010) found
preferences towards skill meters over more complex visualisations; however, users with more complex views
of the learner model perceived it to be more accuratescilalthough a majority, the preference for the simpler

skill meters was still only 53%. Ahmad and Bull (2008) also found that students perceived more detailed views
of the learner model to be more accurate than skill meters. However, users still repapéher level of trust

in the more simple skill meter overviews. University students with experience with a range of different OLM
systems have indicated their preference for having both overviews and detailed learner model information
available for viewig (Bull, 2012).

Girard and Johnson (2008) aim to extend considerations about the presentation of OLMs such as described
above, to school level. To date, at that level most attempts have been very simple in presentation, a common
example being smilies @.Bull & McKay, 2004; Kerly & Bull, 2008; Tsinakos, 2010), or proficiency indicated by
colour on the zoomable Khan Academy exercise dashboard (Khan Academy, 2012), similar to link annotation in
adaptive navigation support in adaptive educational hyperrag@irusilovsky, 2001). More complex structures
have also been explored, for instance the externalisation of a Bayesian network, in the context of supported
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interaction with human or artificial partners (ZapaRvera & Greer, 2004). TINEXTITELIOLM is boader and
for more flexible use, and so a less complex approach is considered more appropriate.

adzOK |1/ L @radzdtAraliarzy

detailson-demand approach. This allows drilling dowm further information, as required. As seen above,

62 NJ

T2ttt 20a
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some OLMs are now trying tree map approaches (building on Shneiderman (1992)), to achieve this (Bakalov et

It ®X HAMMT YdzYLd St ¢t ox
easily understood; at least until a learner is more familiar with the representation. Thus, as well as taking

HAMHU ®
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direction from the current statef-the-art, in the next phase of the projetdEXITELlaims to add to the state

of-the-art for use d OLMs by students and teachers.

4.2 VisualisationsSNEXITELL

In the absence of a range of studies of OLM views at school level, coupled with the evidence to date for simple

views in some contexts, we follow the suggestions from the literature at univeesigy that simpler views may

Si

be generally understandable. At this stage it is not clear which will be the most appropriate approach in our
setting, but overview first, detail second, is a starting point for further investigatiai® requirement for

oveniews has been met; the potential need for details included, but proposed in a more clearly structured

form than typical tree maps, with which some users may struggle. A reduced set of the initial OLM views

(reported in D4.2) are included in the presentteys. These are summarised in Figure 8. Simdey metaphor,
skill meter table and histogramviews have been retained as the most readily interpretable of the set of OLM
representationsHolding the mouse over items displagtseir numeric value, and clickg on them presents a

more detailed breakdown of their sufomponents that contribute to the stated value.

Vely Weak OK Good

EELS
Kommunikasjon (Engelsk >

Very
Good

Meetings > Planning Meetings)

Kommunikasjon) @
Meeting Facilitation {C21 Skills: o
Meetings > Meeting Facilitation)

Planning Meetings {C21 Skills: m

Kommunikasjon (Engelsk > Kommunikasjon)
Meeting Facilitation (C21 Skills: Meetings > Meeting Facilitation)

Planning Meetings (C21 Skills: Meetings > Planning Meetings)

Kommunikasjon (Engelsk > Kommunikasjon)

P
teacher2 t Robert G|| Card C
aStgentdl|teach=rll ors 8 || Susan 8
aStuteri2] DanD || Bobd || Bens
L > Strong

@

Meeting Facilitation (C21 Skills: Meetings > Meeting Facilitation) @

Planning Meetings (C21 Skills: Meetings > Planning Meetings) @

Figure8: OLM visualisations

Further to these implemented views we propose the use of a tree map and word clouds to complement this
set. The tree map approach (shown in Figure 9) shows all competencies within a selection at their top level,
and clicking on an item in the map breaks the section down into its subcomponents for exdvgaéng

Facilitation broken down intoSetting the Framewhich is broken down int&tatement of Outcomes, Task

Introductionetc.) The magnitude of the tree map section is representative of the level of knowledge gained in

the area, and the colour indicates the recency of the information. While not necessarilpdbt useful way of
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viewing information for quick response, this view is especially suited to displaying larger amounts of
information in a small space, through the ddtbwn mechanism.

All Comnatanrias Setting the frame

rationale

Documentation ..

Meeting Facilitation statement of outcome

process duration

Planning Meetings

Figure9: Treemap
Creating agenda comecsy e snsme facilitating creatingagenss  documenting and outcomes
group roles and responsibilities faciitating Smirgaromy  BdVIOUM Svaluation
individual evaluation Is a meeting necessary meetmg e‘-’aluatlon sorting data
planning sorting data grovp roles and responsivitities  S€tting the frame

Figure10: Word clouds

In contrast, the left of Figure 10 shows a word cloud (blue text); and cigin: reverse (i.e. competencies not

yet demonstrated) (red text). These displays are currently under development, for ue@pot by eachers

to provide feedback to students, and to offer feedforward (guidance) as to which meeting facilitation
competencies to develop further.

¢KS 3ANIydzZ FNRAiGe 2F RAaLIXLIe Oy 6S RSGSN¥AYSR o0& (KS
FAdZNIKSNJ &LX AG Ayid2 YFEYySNRAE o6Hnnto GKNBS LRAyGay i
processes necessary to achieve the outcomes. Teachers can use the visualisation(s) that best fit their purpose
or preferences at the time. For exampl®r a quick, orthe-spot decision about where a group needs help,
daSiaAay3d GKS TNIYSéeé OtSIFNIe aidlyRa 2dzi a ySSRAy3I AY
Figure 10. In contrast, the left of Figure 10 indicates that a meeting isaptplalready welplanned, and

perhaps the next phase should now be considered.

We retain multiple views for each user based on previous findings of different views suiting different users (Bull
et al., 2010b), also in line with the approach of currergtsyns using multiple views displaying similar learner
model information (e.g. Bull et al., 2010a; Conejo et al., 2011; Duan et al, 2010; Mazzola & Mazza, 2010). Each
view is optionally available to the user (student or teacher), allowing them to choogstent combination of

the visual representation to have in juxtaposition. As stated above, because of the clarity of overview
information shown in simple views, we place these in the foreground for usbrgh students and teachers,

but also provide additinal detail about the composition of competencies, as well as evidence for the
competencies (and subompetencies) shown. Currently this is in text form as in Figure 3. We aim to use the
results of other research now ongoing in this area (as describededptmvhelp inform our own more detailed
visualisations, alongside our own studies of wsed prototype versions of the more complex, or
expanded/drilled down OLM displays. The results of this research will be included in tool release 3.

l.j
2L

A revised versio of the OLM browser facility is shown in Figure 11. It is possible to change the scope of any of
the information parameters using the filter mechanism at the head of the page, to support enquiry of different
scopes and levels of granularity. Items in tB&M, feedback or interaction tabs below will automatically
update. The ability to search by time period will be the next feature to be introduced.
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Figurell: OLM browser

OLM
Avgilable ahttp://eeevle.bham.ac.uk/nexttelcas/
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