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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 Grid for 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 state-of-the-art research that has 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 
NEXT-TELL partners during development, and feedback from the reviewers at the first annual review. 

TƘŜ ƻǇŜƴ ƭŜŀǊƴŜǊ ƳƻŘŜƭΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ƭƛƴƪ ǘƻ ƻǘƘŜǊ ǇǊƻƧŜŎǘ ǘƻƻƭǎ is facilitated through APIs, and its role within 
the overall NEXT-TELL architecture more clearly formulated. Much of the data coming through the NEXT-TELL 
components may ultimately end up contributing to the open learner model (demonstrated more fully in the 
next release), while additionally, and a focus of this deliverable, can come directly from users - which includes 
input based on automated activities (e.g. Open Sim data transformed by the teacher using ProNIFA). Thus, 
while the e-portfolio 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 communication and negotiation 
tool has been clarified, and these are now linked through an API. The communication and negotiation tool can 
be used throughout the NEXT-TELL infrastructure, but we focus here on examples for negotiating the learner 
model. 

The repertory 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. 
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2 Introduction 

2.1 Purpose of this Document 

This document reports on ǘƘŜ Ψ{ǘǳŘŜƴǘ aƻŘŜƭ Tools R2Ω 

2.2 Scope of this Document 

This document covers the following aspects of the workpackage 4, month 24 deliverable: 

¶ Learner model data sources 

¶ Learner model visualisation 

¶ Communication and negotiation tool 

¶ Repertory grid for formative assessment 

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: 

¶ D4.1 Methods and Specifications for the Student Model V1 

¶ D4.2 Student Model Tools R2 

¶ D4.3 Methods and Specifications for the Student Model V2 

Documents which complement this document include: 

¶ D2.4 ECAAD Tools R2 

¶ D2.8 Report on Classroom Research with STEM and TESL Assessment 

¶ D3.4 Activity Capturing Tools R2 
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3 Learner Model Data 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 other NEXT-TELL components, to the OLM; or data coming directly into 
the OLM through some other automated or manual route. 

 

Figure 1: ά¢ƘŜ .ƛƎ tƛŎǘǳǊŜέ 

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

3.1 Data Sources: State of the Art  

Russell (2010) highlights the extent 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 
data-rich evidence-based decision-making. This relates to cognitive density as described by Crawford et al. 
(2008) in terms of student engagement and teacher decision-making, 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 & Mazza, 2010; Morales et al., 2009). Recent work proposes combining e-portfolios and independent 
open learner models to provide data for other learner models (e.g. in standalone adaptive military training), 
thereby involving learner modelling across multiple applications (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 is therefore a generic 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 NEXT-TELL approach 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 priority of information from different sources). Thus, 
these are amongst our starting points. 



D4.4 
Student Model Tools R2  

 

© NEXT-TELL consortium: all rights reserved  page 4 

 

3.2 Data Sources: NEXT-TELL  

Data sources for the NEXT-TELL OLM currently include direct teacher input (e.g. following a discussion with a 
student, after marking work, or ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ƴŜƎƻǘƛŀǘƛƻƴ ǿƛǘƘ ŀ ǎǘǳŘŜƴǘύΦ .ȅ ΨŘƛǊŜŎǘ ƛƴǇǳǘΩ ǿŜ ƳŜŀƴ ǘƘŀǘ ǘƘŜ 
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 the e-portfolio and OLM. 

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, OpenSim, e-portfolio, self-
assessment/evaluation forms, and other computer-assisted learning or adaptive environments. Data might also 
be transformed by the teacher using the NEXT-TELL ProNIFA tool. Combinations of input to the learner model 
ǿƛƭƭ ŘŜǇŜƴŘ ƻƴ ǘŜŀŎƘŜǊǎΩ ŎƘƻƛŎŜǎ ƻŦ ŀŎǘƛǾƛǘƛŜǎ ŦƻǊ ǘƘŜƛǊ ǎǘǳŘŜƴǘǎΦ ¢ƘŜ ƭŜŀǊƴŜǊ ƳƻŘŜƭ can accept a range of 
automatically generated inferences from data sources in xml format, as part of its API. 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 the model, associated 
with defined specific student activities (which may be electronic or paper-based), and associated with 
competencies. This is soon to be extended to student self-assessment, peer-assessment and parent input (e.g. 
according to activities undertaken outside school), with the teacher having an optional administrative role to 
approve what information should be allowed to enter the learner model. 
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Figure 2: 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 as textual 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 any student-teacher 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 learning-based artefact stored in the e-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 API is under development to also allow automatic 
linking of items of data from 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_factor + old_value x (1 - 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 level 
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of transparency for the user to see the modelling process. At present this is numeric, demonstrating proof-of-
concept - the data is available and can be easily accessed. Work is underway to makethis interface more 
graphical and readily interpretable by users. 

 

Figure 3: Evidence for how learner model information was derived 

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 development to 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 receive an equal weighting; no one student can 
be set to be more influential than any 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 spatial instructions has 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 more frequent 
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 roles. On-going work 
throughout the project is considering the 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). 
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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 face-to-face meetings 

Because it is a challenging task for a teacher to micro-manage 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 
ǘƻ ƳƛǘƛƎŀǘŜ ǘŜŀŎƘŜǊǎΩ ŎƻƎƴƛǘƛǾŜ ƭƻŀŘΦ Lƴ ƻǳǊ ŀǇǇroach, we aim to go beyond activity tracing (e.g. as implemented 
ǿƛǘƘ [!a{ύ ōȅ ǇǊƻǾƛŘƛƴƎ ǘƘŜ ǘŜŀŎƘŜǊ ǿƛǘƘ Ǿƛǎǳŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǎǘǳŘŜƴǘǎΩ ƻƴ-going learning on the competency 
level. Our approach also makes intentionally more use of the students themselves as a resource 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 conǎƛŘŜǊ ǘƘƛǎ ǘƻ ōŜ ŀ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ƻŦ ΨŎƭŀǎǎǊƻƻƳ ƻǊŎƘŜǎǘǊŀǘƛƻƴΩ ό5ƛƭƭŜƴōƻǳǊƎ ϧ 
Fischer, 2007). At the same time, students are provided with authentic opportunities to practice preparing and 
running on-line and face-to-face meetings, a competency 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 and communication 
of outcomes in relation to OLM competencies. (We propose that, to validly provide authentic opportunities to 
ǎǘǳŘŜƴǘǎΣ ƻǳǊ ŎƻƳǇŜǘŜƴŎƛŜǎ ƳŀǘŎƘ ǘƘƻǎŜ ŘŜǎŎǊƛōŜŘ ŦƻǊ ƎƻƻŘ άǊŜŀƭ ǿƻǊƭŘέ ƳŜŜǘƛƴƎǎ ƎŜƴŜǊŀƭƭȅΦ Because of the 
OLM-competency relationship, the detail 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 
ŀ ǎƘƻǊǘ όу ǉǳŜǎǘƛƻƴύ ȅŜǎκƴƻ Ψ{ƘƻǳƭŘ ¸ƻǳ aŜŜǘΚΩ ŎƘŜŎƪƭƛǎǘ  that can be used for the identification of this. For 
ŜȄŀƳǇƭŜΣ ά/ŀƴ ȅƻǳ ǎǘŀǘŜ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ȅƻǳǊ ƳŜŜǘƛƴƎΚέΤ ά5ƻ ȅƻǳ ƘŀǾŜ ǘƘŜ ƛnformation you need to meet 
ǇǊƻŘǳŎǘƛǾŜƭȅΚέ όCǊŀƴŎƛǎŎƻΣ нллтύΦ {ŜƛōƻƭŘ όмфтфύ ŦǳǊǘƘŜǊ ŜƳǇƘŀǎƛǎŜǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƛŘŜƴǘƛŦȅƛƴƎ ǘƘŜ ǎǇŜŎƛŦƛŎ 
purpose(s) of the meeting and delineating a range of goals, to create the basic structure of the meeting. The 
next stage is to decide on the group composition for the meeting, to ensure that all those affected, are present 
(Seibold, 1979). The tasks involved in this ς including allocation of roles and responsibilities - can be seen to 
form their own competency below. In addition, 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 series of steps to improve preparations 
before a meeting. This includes introducing complex issues at one meeting and deferring discussion and 
questions 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 comprise three 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 relevant level of involvement 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 finished 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 explicitly stated during the course of the meeting - thus 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 and authority 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.  

https://docs.google.com/document/d/17sXToxTlQKvEmG5WQqX1yE-kj4DfCchOqLe4yApHWyk/edit#_msocom_1
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Meetings and Facilitation 

A meeting facilitator may effectively 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 using pre-defined criteria 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 (Francisco, 2007). 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. preventing interruption, 
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 thought-out were our decisions?" (Francisco, 2007). Exit survey questions can 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 the cost-effectiveness of meetings, 
ǎǳŎƘ ŀǎΥ ά¢ƘŜ ƳŜŜǘƛƴƎ ƭŜŀŘŜǊΧǊǳƴǎ ƳŜŜǘƛƴƎǎ ŜŦŦŜŎǘƛǾŜƭȅέΣ άΧƭƛǎǘŜƴǎ ŎŀǊŜŦǳƭƭȅ ŀƴŘ ŀŎǘƛǾŜƭȅέΣ άΧŎǊŜŀǘŜǎ ŀƴ 
ŜƴǾƛǊƻƴƳŜƴǘ ǿƘŜǊŜ ǇŜƻǇƭŜ ŀǊŜ ŎƻƳŦƻǊǘŀōƭŜ ŘƛǎŀƎǊŜŜƛƴƎέ όwƻƎŜƭōŜǊƎ Ŝǘ ŀƭΦΣ нлмнύΦ 

Documentation and Communication of Outcomes 

While a meeting must be documented by capturing minutes and 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 teachers tƻ ŜƴǎǳǊŜ ǎǘǳŘŜƴǘǎΩ 
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 for NEXT-TELL 

Different technologies can provide different 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). As NEXT-TELL is designed for use in a range of subjects and 
settings, we concentrate on generic tasks.  

Lƴ ƻǊŘŜǊ ǘƻ ǇǊƻǾƛŘŜ ǘŜŀŎƘŜǊǎ ǿƛǘƘ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǎǘǳŘŜƴǘǎΩ ŎƻƳǇŜǘŜƴŎȅ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ŀƴ ŀǳǘƻƳŀǘŜŘ ƳŀƴƴŜǊΣ 
students may plan their meeting using the Planner (middle left of Figure 1). This 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 necessary 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. Meetlets 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 competency 
model of the facilitator and/or group members. 
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Figure 4: 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 sub-steps of an 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 describing how the 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 build on information 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 semantic overlap between 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) be interpreted 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; (ii) 
facilitation; and (iii) documentation and communication of outcomes of 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 roles and 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 achieve outcomes; 
- 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 appropriate) 
- interpretation (shifting focus to the process), describing, inviting discussion) 
- direct action (preventing interruption, encouraging an individual) 

 

3. Sorting data (as appropriate) 
- pre-defined criteria 
- creating categories 
- prioritising items 

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 for group activities. Both relate to agenda 
planning in the sense that the meeting activities should 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 to perform this 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 learner model). 

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 additional (non-modelled) 
comments are possible. 
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Figure 5: User assessment 

These competencies and others form part of a default set in the 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 competencies is given in D4.3. 

 

Figure 6: Teacher view of/access to competencies database 

OLM 
Available at http://eeevle.bham.ac.uk/nexttell-cas/ 
9ȄŀƳǇƭŜ [ƻƎƛƴ όǘŜŀŎƘŜǊύΥ ǳǎŜǊ Υ άōōǊƻǿƴέΤ ǇŀǎǎǿƻǊŘ άмнопрέ 
9ȄŀƳǇƭŜ [ƻƎƛƴ όǎǘǳŘŜƴǘύΥ ǳǎŜǊ Υ άŀŀŘŀƳǎέΤ ǇŀǎǎǿƻǊŘ άмнопрέ 

http://eeevle.bham.ac.uk/nexttell-cas/
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3.3.2 Example 2: teachers transforming 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 
readily available in competence form. 

We illustrate with a set of activities aimed at 11-12 year-olds, including an electronic reading and listening test 
and interactions in a virtual world (OpenSim). 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, click 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 ProNIFA (see 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 logs and video recordings 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 educator-defined (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 the virtual environment. 

 

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

 

(ii)   001   CEFR#094      0,5    Listening A1 

 

(iii)  [Rule1] 
Who=Teacher   
What=Well done, <NAME>.   
ASkills=1;2   
AUpdate=0,2   
LSkills=3   
LUpdate=0,1  (If the teacher says "Well done" and a name, 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 the competencies 
(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 OLM (as 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 NEXT-TELL tools website: 
 http://sandbox.next-tell.eu 

3.3.3 Example 3: rubric-based assessment 

This section focuses on the kind of assessment that 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, 
ŦƻǊ ƛƴǎǘŀƴŎŜύΦ ¢ȅǇƛŎŀƭ ŜȄŀƳǇƭŜǎ ŀǊŜ ǘŜŀŎƘŜǊǎΩ ŀǇǇǊŀƛǎŀƭ ƻŦ ŀǊǘŜŦŀŎǘǎ όŜǎǎŀȅǎΣ sketches, designs, multi-media 
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 solutions or problem solving steps on a fine-grained 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 establish that 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 
competencies, a single checklist usually would inform only one competency, if any. But this does not 
necessarily need to be the case. A checklist can be applied to a complex artefact (e.g., a meeting agenda 
document), and can inform multiple competencies (for instance, agenda planning skills and word processing 
skills). 

 

CHECKLISTS 

Criteria Value if present Value if not present 

A1 (usually 1) (usually 0, but can be negative when not-compensable) 

A2   

...   

A(l)   

Score: (x out of max) Score-Part1: Score-Part2: 

 



D4.4 
Student Model Tools R2  

 

© NEXT-TELL consortium: all rights reserved  page 14 

For more differentiated and possible multi-dimensional 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 (dimensions of judgement). A rubric typically has the following general form: 

RUBRICS 

Criteria Lowest level (e.g., 1) ... ... ... Highest level 
(e.g., 5) 

Optional 
Weighting 

A1 (Description of evidence 
for cell value) 

     

A2       

(...)       

A(l)       

Optional total 
(weighted) score: 

     (value) 

 

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 important in 
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 provide ready-made 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 a mark is given for it, or in some cases the appraisal may be related to a standard. 
Standards are similar to competencies, but they are not necessarily psychologically motivated; many standards 
ŀǊŜ ǇǳǊŜ ŎƻƴǘŜƴǘ ǎǘŀƴŘŀǊŘǎ όάǎǘǳŘŜƴǘǎ ƳŀǎǘŜǊǎ ȄέύΦ 

Since we want 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 that rubric generators are just that: they help with the generation 
ƻŦ ǘƘŜ ǊǳōǊƛŎ όǘŀōƭŜύΣ ōǳǘ Řƻ ƴƻǘ ǎǳǇǇƻǊǘ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǊǳōǊƛŎ ǘƻ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ŀǊǘŜŦŀŎǘǎύΦ 9ȄƛǎǘƛƴƎ ǊǳōǊƛŎ 
sites are of great use, however, because they can help us, and end-users, to decide which dimensions should go 
into an appraisal/assessment. But for (partially) automated assessment, a more foundational solution is 
needed. 

¢ƻ ŜȄǇǊŜǎǎ ǊǳōǊƛŎǎ ƛƴ ǊǳƭŜ ŦƻǊƳΣ ǿŜ ǿƻǳƭŘ ƘŀǾŜ ƛƴ ŜŀŎƘ ŎŜƭƭ ŀ ǊǳƭŜ ǘƘŀǘ ǎŀȅǎΣ ƭƻƎƛŎŀƭƭȅΥ άLŦ Ȅ ŀƴŘκƻǊ ȅ ŀƴŘ/or z (...) 
ǘƘŜƴ ŎƭŀǎǎƛŦȅ ŀǊǘŜŦŀŎǘκǇŜǊŦƻǊƳŀƴŎŜ ƛƴǘƻ ǘƘƛǎ ŎŜƭƭέΣ ǿƘŜǊŜ ȄΣ ȅ ŀƴŘ Ȋ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘ-created 
artefact or performance. Hence, a fairly natural way to represent rubrics in NEXT-TELL could be decision tables. 
They can express ǊǳƭŜ ƭƻƎƛŎ ŀƴŘ ǘƘŜƛǊ ǘŀōǳƭŀǊ ŦƻǊƳŀǘ ƳŀƪŜ ǘƘŜƳ ŀ άƴŀǘǳǊŀƭέ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ŦƻǊ ŜƴŘ ǳǎŜǊǎΣ ƛƴ 
particular teachers who use rubrics. (As exhibited above, checklists and rubrics are readily depicted as tables.) 
Decision tables have the added advantage that they can serve as the basis for declarative programming: If well-
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 and applications 
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 assessment model into an 
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 assessment, we can 
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, specially trained 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 standard; 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 & channelling the decision 
results to the right receivers (learner model, human users). 
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4 Learner Model V isualisations 

This section updates the state-of-the-art in learner model visualisation including work published since the last 
deliverable, and shows how NEXT-TELL is drawing 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 visualisations used in courses include skill meters 
(Bull et al, 2010a; Mitrovic & Martin, 2007; Weber & Brusilovsky, 2001); concept maps (Mabbott & Bull, 2006; 
Perez-Marin et al., 2007); and hierarchical tree structures (Conejo et al., 2011; Kay, 1997; Mabbott & Bull, 
2006). Recently, tree map overview-zoom-filter approaches to open learner modelling have also started to 
appear (Bakalov et al., 2011; Kump et al., 2012). The range of potential (human and technology-gathered) data 
sources demands methods of learner model 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., 2010), we take the latter approach in 
NEXT-TELL. 

The student OLM in NEXT-TELL may 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 enable a NEXT-TELL OLM 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) appear to be a general need for more detailed views for more 
advanced (and older) users ς though 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 eye-tracking study of university students trying to understand four learner 
model presentations - kiviat chart, concept tag cloud, tree map and concept hierarchy) - found the kiviat graph 
and concept hierarchy to be more efficient (for understanding the representation), 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 eye-tracking study found that, when concept map, pre-
requisite map, tree structure of concepts, tree structure following lecture topics and sub-topics, and 
alphabetical index of the same underlying model were compared, visual attention in a view depended on 
ǿƘŜǘƘŜǊ ǘƘŜ ǾƛŜǿ ǿŀǎ ŀƳƻƴƎǎǘ ǘƘŜ ǳǎŜǊΩǎ ǇǊŜŦŜǊǊŜŘ ǾƛŜǿǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ƻƴ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ view itself (Bull 
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 because 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 accurate. Also, although 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 reported a higher 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 viewing (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 (e.g. 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 hypermedia (Brusilovsky, 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 (Zapata-Rivera & Greer, 2004). The NEXT-TELL OLM is broader and 
for more flexible use, and so a less complex approach is considered more appropriate. 

aǳŎƘ I/L Ǿƛǎǳŀƭƛǎŀǘƛƻƴ ǿƻǊƪ Ŧƻƭƭƻǿǎ {ƘƴŜƛŘŜǊƳŀƴΩǎ όмффсύ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ŦƻǊ ǘƘŜ ƻǾŜǊǾƛŜǿΣ ȊƻƻƳΣ ŦƛƭǘŜǊ ŀƴŘ 
details-on-demand approach. This allows drilling down to further information, as required. As seen above, 
some OLMs are now trying tree map approaches (building on Shneiderman (1992)), to achieve this (Bakalov et 
ŀƭΦΣ нлммΤ YǳƳǇ Ŝǘ ŀƭΦΣ нлмнύΦ IƻǿŜǾŜǊΣ aŀǘƘŜǿǎ Ŝǘ ŀƭΩǎ όнлмнύ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘǊŜŜ ƳŀǇǎ Ƴŀy not be as 
easily understood ς at least until a learner is more familiar with the representation. Thus, as well as taking 
direction from the current state-of-the-art, in the next phase of the project NEXT-TELL aims to add to the state-
of-the-art for use of OLMs by students and teachers. 

4.2 Visualisations: NEXT-TELL 

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 university level that simpler views may 
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 investigations - the requirement for 
overviews 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 present system. These are summarised in Figure 8. The smiley metaphor, 
skill meter, table and histogram views have been retained as the most readily interpretable of the set of OLM 
representations. Holding the mouse over items displays their numeric value, and clicking on them presents a 
more detailed breakdown of their sub-components that contribute to the stated value. 

            

 

 

Figure 8: 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 example (Meeting 
Facilitation, broken down into Setting the Frame, which is broken down into Statement of Outcomes, Task 
Introduction etc.) 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 necessarily the most 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 drill-down mechanism. 

     

Figure 9: Treemap 

 

Figure 10: Word clouds 

In contrast, the left of Figure 10 shows a word cloud (blue text); and right ς the reverse (i.e. competencies not 
yet demonstrated) (red text). These displays are currently under development, for use on-the-spot by teachers 
to provide feedback to students, and to offer feedforward (guidance) as to which meeting facilitation 
competencies to develop further.  

¢ƘŜ ƎǊŀƴǳƭŀǊƛǘȅ ƻŦ ŘƛǎǇƭŀȅ Ŏŀƴ ōŜ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ǘŜŀŎƘŜǊ όŜΦƎΦ ƛƴ ǎƪƛƭƭ ƳŜǘŜǊǎΣ άŎǊŜŀǘƛƴƎ ŀƴ ŀƎŜƴŘŀέ ŎƻǳƭŘ ōŜ 
ŦǳǊǘƘŜǊ ǎǇƭƛǘ ƛƴǘƻ YŀƴŜǊΩǎ όнллтύ ǘƘǊŜŜ ǇƻƛƴǘǎΥ ǘƻǇƛŎǎ ǘƻ ōŜ ŘƛǎŎǳǎǎŜŘΤ ŘŜǎƛǊŜŘ ƻǳǘŎƻƳŜǎ ŦƻǊ ŜŀŎƘ ǘƻǇƛŎΤ 
processes necessary to achieve the outcomes. Teachers can use the visualisation(s) that best fit their purpose 
or preferences at the time. For example, for a quick, on-the-spot decision about where a group needs help, 
άǎŜǘǘƛƴƎ ǘƘŜ ŦǊŀƳŜέ ŎƭŜŀǊƭȅ ǎǘŀƴŘǎ ƻǳǘ ŀǎ ƴŜŜŘƛƴƎ ƛƳǇǊƻǾŜƳŜƴǘ ƻƴ ǘƘŜ ǊƛƎƘǘ ƻŦ ǘƘŜ ǿƻǊŘ ŎƭƻǳŘ Ǿƛǎǳŀƭƛǎŀǘƛƻƴ ƛƴ 
Figure 10. In contrast, the left of Figure 10 indicates that a meeting is probably already well-planned, 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 current systems 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 choose a custom 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 users ς both students and teachers, 
but also provide additional detail about the composition of competencies, as well as evidence for the 
competencies (and sub-competencies) 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 described above), to help inform our own more detailed 
visualisations, alongside our own studies of web-based prototype versions of the more complex, or 
expanded/drilled down OLM displays. The results of this research will be included in tool release 3. 

A revised version 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 the OLM, 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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Figure 11: OLM browser 

 

OLM 
Available at http://eeevle.bham.ac.uk/nexttell-cas/ 
9ȄŀƳǇƭŜ [ƻƎƛƴ όǘŜŀŎƘŜǊύΥ ǳǎŜǊ Υ άōōǊƻǿƴέΤ ǇŀǎǎǿƻǊŘ άмнопрέ 
9ȄŀƳǇƭŜ [ƻƎƛƴ όǎǘǳŘŜƴǘύΥ ǳǎŜǊ Υ άŀŀŘŀƳǎέΤ ǇŀǎǎǿƻǊŘ άмнопрέ 




































































