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Abstract: While the technology-rich classroom makes it comparatively easy to gather, store 

and access data on students’ activities, turning those into information on learning that can 

inform pedagogical decision-making is still hard to achieve. In this symposium, it is argued 

that teachers are an important if not the most important source of knowledge about the 

necessary diagnostic assessment methods, and that therefore teachers should be supported in 

describing, sharing and deploying these methods. We also argue that teachers should play a 

more central role in analyzing learning data for the purpose of creating knowledge about how 

specific pedagogical and technical innovations play out in the context of specific classroom 

situations, and describe a new approach to teacher-led inquiry into students’ learning data. 

Introduction
Schools are slowly yet inevitably entering the information age. But while the level of technology infusion is 

increasing, and with it the capacity to distribute information for learning and gather information about learning 

quickly and efficiently, we are still far away from the vision of the school as a “high performance, personalized 

learning community” (Hamilton & Jago, 2010). The barrier to that is increasingly not the absence of 

information, but the absence of the right information, at the right time, in the right format. The classroom may 

be increasingly data-rich, but is still comparatively information-poor. One reason is that a good part of the data 

made available to teachers and students have limitations to inform pedagogical decision making: Large-scale 

assessment data are usually not linked to classroom practices and outcomes, and are not available close enough 

in time to learning and teaching activities (Crawford, Schlager, Penuel, & Toyama, 2008). Another reason is 

that classroom technologies that are closer to the performance level focus on activity tracking rather than 

knowledge tracking. For instance, classroom response systems, also known as "clickers", are an effective, easy-

to-use way for teachers to generate instant data about students’ thinking. However, classroom response systems 

do not in any way guide the teacher in formulating the 'right' questions, such as questions that can help to 

identify residual misconceptions in students. A third group of reasons for why learning data are often not 

brought to bear on classroom-level decision-making has to do with teacher capacity. Some studies report that 

teachers as harboring views of the nature and the role of evidence that are not conducive to data-oriented 

decision-making (Parr & Timperley, 2008). And even when teachers are appreciative of learning data, they 

often do not feel sufficiently qualified and/or not provided with sufficient time to be working with detailed 

learning data. 

This symposium brings together a number of researchers who are addressing the challenges of the data-

rich classroom in an international research cooperation funded by the European Commission, the NEXT-TELL

project (www.next-tell.eu). NEXT-TELL seeks to address the emergent needs of teachers and schools through 

the participatory development of a set of methods and tools which support teachers’ engagement with advanced 

learning technologies, with a particular focus on the use of student data to promote innovation and change as a 

form of teacher professional development aligned to schools’ strategic planning goals. The project’s philosophy 

is that teachers need not only be seen as the users of classroom technologies, and the recipients of information, 

but also as the innovators of technology-supported teaching and assessment practices, and as the creators of 

knowledge about students’ learning. The project’s methodological approach is design-based research (Barab & 

Squire, 2004; Wang & Hannafin, 2005). In accordance with design-based research, we think that multiply 
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cycles are needed to successfully develop methods and tools together with teachers and within the classroom. 

Cierniak et al. present findings from a baseline study that probed into participating teachers’ conceptions of 

formative assessment in the classroom, and their conceptions of teacher-led research. As participating teachers 

come from a number of European countries, the findings reflect not only individual differences, but also 

differences that can be attributed to variations in educational policies and teacher training across nations. Using 

the base-line study and findings from the wider research literature as basis, the next three contributions describe 

a first set of interventions, which will be further refined by means of intervention studies with teachers in 

schools. Reimann, Utz and Halb describe an intervention that aims at enabling teachers to describe ICT-

integrated formative classroom assessment methods, to share these with other teachers, and to deploy these 

rapidly in their classrooms. The main idea of this intervention is to make the process of formative assessment an 

open one, ‘open’ the sense that it can be ‘inspected’ by stakeholders, as well as open in the sense that all 

stakeholders—teachers, students, parents—can actively contribute to how it is conducted. Vatrapu, Bull and 

Johnson extend this idea to the manner learning data get analysed by suggesting a new form for distributing 

analytical work on such data. This contribution provides also a link from tactical, classroom-level decision 

making (What do I do next with my students?) to strategic, school-level decision making: What kind of 

innovations and reforms work for our students? The Teacher Inquiry into Student Learning (TISL) strand of 

work in the NEXT-TELL project is concerned with fostering in-service teachers’ professional development by 

providing new methods and tools for designing and sharing inquiry projects into students’ learning. It also aims 

to increase a school’s capacity for data-driven decision-making by means of leadership development, including 

ICT support for the strategic planning of teachers’ professional development. Luckin et al. describe the first 

steps into the development of the TISL methodology and the TISL software model. 

Teachers’ Views of the Role of Formative Assessment and Teacher-led Research.
Gabriele Cierniak, Birgit Imhof, Friedrich Hesse, KRMC, Tuebingen, Schleichstraße 6, Germany, {g.cierniak, 

b.imhof, f.hesse}@iwm-kmrc.de;

Barbara Wasson, Cecilie Hansen. University of Bergen & InterMedia, Uni Helse, Uni Research, Bergen,

Norway; Cecilie Hansen {Barbara.Wasson, Cecilie.Hansen}@uni.no. 

The NEXT-TELL project aims on the one hand to enhance adaptive teaching practices in the technology-rich 

classroom by co-designing and co-developing ICT that support evidence-based formative assessment. On the 

other hand the project aims to support teachers’ professional development with regard to educational ICT-use 

and formative E-assessment by co-designing and co-developing a method of teachers’ inquiry into student 

learning (TISL). Hence, the project wants to support teachers as key stakeholders of educational innovation with 

regard to formative E-assessment (Reimann, Utz, Halb, this symposium) and teacher research (Luckin, Craft, 

Avramides, & Kossowski, this symposium). In order to work with teachers interested in the project according to 

their current teaching practices, we investigated their current views on and practices in formative E-assessment 

as well as teacher research in a baseline study. 

We first developed two semi-structured interviews. Interview 1 was designed to find out more about 

teachers’ current practices concerning (1) lesson planning, (2) classroom teaching, (3) monitoring, (4) 

assessment, (5) providing feedback, (6) homework, (7) communication with students, and (8) communication 

with parents. At the beginning of each topic teachers were asked to tell how they currently practice the topic

(e.g., how they assess their students). If not already included in teachers’ reports, we asked whether they use any 

kind of ICT in practice and whether they wished to be supported in any activities by ICT. Interview 2 was 

designed to find out more about the (country-) specific school systems the teachers are in concerning (1) 

assessment, (2) teacher research, and (3) professional development. Here, teachers were asked about their 

understanding of the three topics and their interrelatedness and to describe how they see the topics are handled 

within their educational systems. 

We conducted the interviews with 34 teachers teaching in secondary classes in five EU-countries 

(Austria (8 teachers), Denmark (3 teachers), England (7 teachers, 4 pre-service teachers: in England the 

interview questions were embedded in general discussions in workshops), Germany (6 teachers), Norway (6 

teachers). The teachers’ teaching experiences varied from 1 to 38 years. 

The analysis of the interview data analyses showed that despite many similarities across the teachers,

there are crucial variations with regard to several dimensions in current practices of lesson planning, assessment, 

and providing feedback. Concerning lesson planning, teachers differed with regard to the dimensions of how 

collaboratively they plan, how much they consider student assessment, and how as well as how much ICT they 

use for planning. Concerning assessment, teachers differed with regard to how formative their assessment 

practices are and how much ICT they use in assessing their students. Concerning the provision of feedback,

teachers also differed with regard to whether they use ICT or not and which type of feedback they provide. 

Here, the teachers’ descriptions of their feedback practices also reflected their knowledge concerning formative 
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assessment (or assessment for learning: Black, Harrison, Lee, Marshal, & Wiliam, 2003). Whereas some 

teachers were interested in enhancing their possibilities to enhance feed-forward, others did not mention any 

emphasize on feedback. Moreover, teachers differed with regard to their explicit knowledge of formative 

assessment (e.g., Black & Williams, 1998) and teacher research in general (Bannan-Ritland, 2008). Whereas 

some of the teachers are from systems that promote formative assessment initiatives and teacher research 

approaches (e.g., teachers in England), others have not yet heard about such initiatives (e.g., teachers in 

Germany). Thus, a few teachers were irritated and even showed misconceptions when they were confronted 

with the term ‘teacher research’. In general, the more elaborated teachers’ conceptions on formative assessment 

and teacher research were, the more interrelated they saw the different levels of teaching practices concerning 

formative assessment with professional development and with teacher research, but also with school 

development as whole. 

Although our results are not representative in a statistical sense, they are nevertheless in line with what is known 

about national and school-level differences (e.g., Law, Pelgrum, & Plomp, 2006) and hence, suggest different

teacher profiles (see Figure 1) which result from the level of understanding of the components (classroom 

practices/pedagogy, teacher research, and school strategy) as well as their interrelatedness:

1. Particularised-incomplete: Teachers with this profile are not yet familiar with all components to be 

supported in NEXT-TELL. They also see connections between the different components of formative 

(E)-assessment as classroom practices, teacher research as professional development, and school 

development as rather weak or loose.

2. Particularised: Teachers recognize the importance of all components (even if not practiced so far) but do 

not have a fully integrated view of their interrelations

3. Integrated: Teachers have a differentiated understanding of the components and are aware of their 

interrelationships.

Figure 1: Visualized examples of teacher profiles.

In order to integrate teachers with different profiles concerning formative assessment and teacher research into 

the project appropriately, we will chose different interventions as next steps in our process of co-development 

(Penuel, Roschelle, & Shechtman, 2007). 

Open Models of ICT-embedded Formative Classroom Assessment. 
Peter Reimann, MTO, Tübingen, Germany (p.reimann@mto.de); Wilfrid Utz, BOC, Vienna, Austria 

(wilfrid.utz@boc-eu.com); Wolfgang Halb, Joanneum Research, Graz, Austria (wolfgang.halb@joanneum.at).  

As mentioned in the introduction, an important step for making classroom data useful for teachers’ and students’ 

‘tactical’ decision making (What to do next?) is to express the information on the level of knowledge and skill 

development, processes of learning, motivation and engagement. Teachers usually get this information from 

direct observations, and from formative assessments, such as quizzes or problem solving exercises. In the 

technology-rich classroom, a third source of information are the recordings of learning activities as they unfold 

in digital media, such as software applications (e.g, MS Excel) , learning management systems (e.g, Moodle), 

and increasingly on “Cloud” tools and services (such as Google Docs). While these digitally enacted learning 

activities are easily recorded (e.g., as log files), they usually need further processing in order to be interpretable 

as information on learning and knowledge. So far, methods to do this automatically have been confined to so-

called Intelligent Tutoring Systems, e.g., Cognitive Tutors (Koedinger & Corbett, 2006) and personalized 

learning systems (Heller, Steiner, Hockemeyer, & Albert, 2006). This approach, however, needs a very detailed 

analysis of the knowledge/skill structures to be learned, and a very fine-grained learning application in order to 

trace the students’ actions on a level that is appropriate for the diagnostic algorithms. As a consequence, such 
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systems have only been developed so far for a few curriculum areas, and the diagnostic machinery has been 

coupled with specifically designed learning software. Teachers that don’t teach in domains covered, and/or 

don’t want to use the specific application with their students are out of luck. In addition, even if more teachers 

would have access to these applications (some of which are web-based by now), it is still an open question how 

many would actually make use of them for formative assessment purposes, given that the assessment method is 

opaque. Teachers would face the dilemma that for providing learning-relevant information to their students they 

would need to do so based on an assessment method they cannot explain, and which is hidden in programming 

code. 

We therefore decided to build on a “glass-box” approach to technology-enhanced formative

assessment; both the diagnostic data transformation procedures as well as the resulting learner model should in 

principle be open. And beyond that: not only should the assessment be ‘open’, it should also be the teacher who, 

in principle, can develop and modify technology enhanced classroom assessment methods. This takes also into

account that diagnostic information on students’ learning can come from many sources:  we consider in 

particular teachers, students, (in the role of self and peer assessors), parents, and software applications. They all 

can produce diagnostically relevant information that are candidates for visualisation in the Open Learner Model 

(OLM). An important design consideration in NEXT-TELL is that we believe that all assessment methods, 

independent of who employs them (teacher, student, parent, software) should adhere to certain quality criteria, 

in particular concerning their validity and reliability. For establishing validity, we build on the Evidence-

centered assessment Design methodology (Mislevy & Riscontente, 2006), and for establishing reliability of 

assessments in NEXT-TELL the users need to document their assessment process, thus creating provenance 

data (Groth et al., 2006).  In short, we require that humans as well as computational assessment services 

describe how they, starting from observations on what learners do in the course of their learning activities 

(performance) and from the artifacts produced in the course of learning activities, come to conclusions about 

learners’ knowledge and skills. 

Figure 2: One of the views of the NEXT-TELL authoring tool, integrating learning activities with 

formative assessments. On the left, a “Notebook” is shown that renders the attributes that are available 

with each modeling object, and makes them available for editing.

To achieve this, the creators of assessment methods, including teachers, need to be provided with a 

‘language’ to express their assessment ideas. If, as in our case, the assessment is to be of the formative kind, it 

needs to be integrated with the teaching/learning process. Therefore, we equip teachers with an authoring tool 

for designing learning activity sequences and for relating these to expected knowledge changes (learning 

progressions) as well assessment methods (see Figure 2). We treat any assessment process as an instantiation of 

an assessment model, and any learning activity sequence as an instance of a learning sequence model.  

Technically, we use a meta-modeling shell and the Open Models approach (Karagiannis, Grossmann, & 

Hoefferer, 2008) for modeling formative assessment processes as well as learning activity sequences). The 

models, then, are not only descriptions, but can also serve as the basis for rapid deployment in an ICT 

environment. Currently, we provide adaptors to Moodle and to Google Apps. 

Towards Visual Analytics for Teachers: An Open Learner Model Approach
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Ravi Vatrapu, Computational Social Science Laboratory (CSSL), Dept. of IT Management, Copenhagen 

Business School, vatrapu@cbs.dk; Susan Bull, Matthew Johnson, Electronic, Electrical and Computer 

Engineering, University of Birmingham, s.bull@bham.ac.uk, m.d.johnson.1@bham.ac.uk

                                                            

The NEXT-TELL project aims to provide computational and methodological support for teachers in real-time

and in-situ classroom settings. Towards this end, we integrate emerging developments in visual analytics and 

the established methodological approach of design-based research (DBR) in the learning science into “Teaching 

Analytics” and propose a model of teaching analytics, termed “triadic model of teaching analytics (TMTA)”

(Vatrapu, et al., 2011), discussed next.  

We adapt and extend the dyadic model of pair analytics in visual analytics to a Triadic Model of 

Teaching Analytics (TMTA) as shown in Figure 3: 

Figure 3: Triadic Model of Teaching Analytics (TMTA)

At its core, our model sees collaborative knowledge building between teachers, analysts and researchers. We

think of the relationships between the TE, VAE and DBRE as a dynamic socio-technical system.  The design 

considerations are about creating feedback loops between the three individuals, such that each one drives the 

other two to higher levels of performance on the positive side (with the cost of anxiety in the negative case). 

That is, feedback from the teacher inspires the VAE to create new, better visualizations and for the researcher to 

better understand the ongoing teaching and learning processes while feedback from the VAE – perhaps in the 

form of visualization artifacts – allows the teachers to better understand what is going on in the classroom from 

a learning activity design perspective and the research to hypothesize, test and predict student learning

trajectories and performance outcomes. All in all, these feedback loops should culminate in the teacher 

providing timely, meaningful actionable, customized and personalized feedback to students. The key point here 

is that each member of the triumvirate of TE, VAE, and DBRE can gain from the other two, not that each 

partner's role is to highlight deficiencies of the other two. Therefore, TMTA involves a close collaboration 

between the TE, VAE, and the DBRE. It includes teaching practitioners in the design process and invites them 

to contribute significantly to the innovation of the visual analytics tools. This allows these learning analytics 

tools to address pedagogical issues as they arise and evolve in real classrooms. In the next section, we outline an 

approach to TMTA based on open learner models (OLM). 

An obvious starting point for developing the TMTA approach is to base it around the existing work in 

Artificial Intelligence in Education, on open learner models. A learner model holds information (usually) about 

an individual learner, and the model is automatically and dynamically updated during the user's interaction with 

a computer-based/online educational environment. The learner model typically includes data about the learner's 

knowledge state, which may include specific difficulties and misconceptions; and it can also have data on other 

aspects of the learning process (e.g. representation, content, teaching style preferences; motivational, social, 

affective attributes). The learner model is then used by the educational environment to adapt its teaching to the 

specific needs of the individual learner (the environment 'understands' the user's understanding). An "open 

learner model" is a learner model that can also be externalised to the user (Bull & Kay, 2007). This externalised 

(open) learner model may be simple or complex in format using, for example: text, skill meters, concept maps, 

hierarchical structures, animations (Bull et al., 2010). 

Normally the user who accesses the learner model is the learner. Common purposes of externalising the 

learner model to learners are to promote metacognitive activity such as awareness-raising, reflection, self-

assessment and planning (Bull & Kay, 2008). Some learner models have, however, also been made available to 

teachers (Bull & McKay, 2004; Eyssautier-Bavay, Jean-Daubias, & Pernin, 2009; Zapata-Rivera, Hansen, 

Shute, Underwood, & Bauer, 2007). Teacher access to the learner models of their students can help them to 

better understand learners' needs as individuals and as a group, and can therefore enable teachers to adapt their 

teaching. Of particular interest in NEXT-TELL is the possibility of open learner models to support the routine 

but dynamic decision-making that teachers need to perform in the classroom.

While the above describes the typical situation of open learner models, it is easy to envisage this being 

extended for use in TMTA. A range of visualisations or externalisations of the learner model have been 
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explored (e.g. Bull et al., 2010), and these are currently being further extended to support the synthesis of work 

between teaching experts, visual analytics experts and design-based research experts, as required for the 

proposed TMTA approach within the NEXT-TELL project. 

Teachers’ Inquiry into Student Learning: Supporting Design-based Research towards 
Formative Assessment in the Technology-rich Classroom.
Rosemary Luckin, Brock Craft, Katerina Avramides, The London Knowledge Lab, Institute of Education,

London. r.luckin@ioe.ac.uk.; Michal Kossowski, BOC Information Technologies Consulting, Warsaw,

michal.kossowski@boc-pl.com

A recent report on the impact and use of ICT in schools across 27 EU countries confirms that schools’ effective 

engagement with ICTs is patchy and that there exist considerable differences in levels of e-maturity within and 

between countries (Empirica, 2006). At the same time, the existence of these ICT resources is raising 

expectations for increased and improved communication about students’ learning (Becta, 2008, 2009). Teachers 

and schools face a continual struggle in understanding how to effectively embed these new tools into their 

everyday pedagogic practices, particularly in areas where ICTs are not perceived to be core elements (Clark et 

al., 2009; Freebody et al., 2008). In response to these dissonances around technology use in education, some 

design researchers suggest that a more holistic and systemic approach to understanding the learning context is 

needed (Fishman, 2004; Luckin, 2010; McKennay et al., 2008; Ravenscroft, 2009).

The development of the TISL methodology and software tool has therefore adopted a participatory 

approach through which teachers directly inform the design process and outputs. Our approach is supported by 

two theoretical frameworks (1) Teacher Design Research (TDR) (Bannan-Ritland, 2008); and (2) The Ecology 

of Resources model and design framework (Luckin, 2010). The former is used to generate a dialogue around a 

conceptualisation of teachers’ as innovators, whilst the latter is used to expand the TDR model to take into 

account the complexity of technology-rich learning contexts and the emergent properties of interactions between 

teachers, learners and available resources. In practice, the literature on teacher inquiry, teacher design research, 

and teacher-led research has shown that, in order to pursue this kind of research, teachers often require guidance 

and support. For TISL, such guidance and support must be developed in collaboration with teachers. To 

facilitate this need, TISL, as with related components within NEXT-TELL, is being developed in two phases: 

(1) researcher-led; and (2) teacher-led. 

The TISL approach outlined in this paper is being developed as part of the researcher-led phase of the 

project. It provides a preliminary framework for identifying relevant tools and approaches on the use of 

available data for evaluating students’ learning (Table 1) in alignment with teachers’ professional development. 

TISL aims to enable teachers to conduct sustainable and relevant inquiry into students’ learning and related 

school-based practices (e.g. teaching, assessment, etc.). Testing and evaluating the initial TISL method. 

Table 1: 10 steps to systematising teacher inquiry with TISL

TISL Method TISL Tools and Data Handling

1. establishing a trigger

2. choosing a lens (researcher or teacher-

led)

3. planning for and collecting evidence

4. analysing practices

5. enacting and adapting an 

action/innovation

1. identifying tools (ALTs) and potential data 

sources

2. planning for data capture and data sharing

3. collaborative data analysis and interpretation 

4. evaluating data and reflecting on inquiry process

5. data-driven decision-making for innovating 

practice

The modelling procedure for the TISL inquiry planner is drawn from the initial 5-Step TISL method (see Table 

1 above). It identifies the systematic sequence of the 5 steps to be taken by the user (e.g. teacher participants) 

when planning an inquiry process (into students’ learning). The TISL method is designed to produce results that 

can be used by other teachers to inform teaching, learning and formative assessment. . The structure and 

dependencies for the TISL inquiry process planner are shown in Figure 4 below.  
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Figure 4: Time line view of the TISL Inquiry Process Planner.

An example of these steps in action drawn from empirical work with teachers would be: Step 1 Establishing a 

trigger: how can video data be used to support teacher inquiry into students’ learning? Step 2 Choosing a lens:

constrain to 1 minute video segments at the beginning-middle-end of a learning activity to focus inquiry. Step 3 

Plan and Collect Evidence: seek appropriate segments of video from system repository, or plan collection of 

fresh data. Step 4 Analyse Practices: explore of learning revealed in the video clips for formative assessment 

and identify framing patterns for future practice and analysis. Step 5 Adapt and Enact: implement and test

framing patterns in practice.
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