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Presentation Notes
Other group members also have a Poster on the intelligent support for the studentAnd have also organised the Intelligent Support in Exploratory Environment workshop
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Outline of the talk
• Project aims and challenges
• MiGen context and tools
• Teacher Assistance tools
• Conclusions and future work
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Project Aims
• to co-design, build and evaluate 

– with teachers and teacher educators
– a pedagogical and technical environment for 

improving 11-14-year-old students’ learning of 
algebraic generalisation

• seeing “the general through the particular” is a 
powerful way to introduce generalisation, and 
help develop algebraic ways of thinking
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Project Aims
• MiGen allows students to create and manipulate 

patterns and algebraic expressions, and explore 
the relationships between them 

• students are asked to construct “generalised 
patterns”, to derive expressions, to test out their 
patterns and expressions on new problem 
instances, and to compare their constructions 
with those of other students

• our aim is to support students’ exploratory 
construction while also fostering progressive 
knowledge building
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Generalised patterns

Presenter
Presentation Notes
two instances of a pattern that students may be asked to construct. The eXpresser supports them not only in constructing patterns but also in deriving expressions.  E.g. Students may be asked to find a general expression  for the number of green tiles required given the number of red tiles
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Possible construction approaches

Presenter
Presentation Notes
Possible construction approaches that students may follow are shown in these diagrams. 
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Possible expressions

5 x reds + 3 3 + 5 x reds

2 x (2 x reds + 1) + reds + 1 3 x (reds + 1) + 2 x reds

Presenter
Presentation Notes
If a student has constructed their pattern using a series of ‘C’ shapes , they may derive an expression such as 5r + 3 for the number of green tiles, where r is the number of red tiles. Other possible constructions that students may follow are shown in the remaining diagrams which also show that the form of the resulting expressions can vary widely (though all of them, if correct, will be equivalent to 5r + 3 of course). The constructions are general in that they make use of the pattern construction facilities of the eXpresser. As a result, changing the number of red tiles will lead to the student’s pattern changingappropriately. For example, setting r = 4 will give the pattern of Fig. 1a and setting r = 5 that of Fig. 1b.



eXpresser tool
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Presenter
Presentation Notes
The Figure shows the eXpresser user interface. Students use building blocks that they construct from square unit tiles in order to make their patterns, which they can subsequently colour.  During their construction, they make use of numbers which they can subsequently `unlock' to turn them into variables, thus generalising their pattern.  Both locked and unlocked numbers can be used in expressions. 



eXpresser tool
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Presenter
Presentation Notes
Constructing a pattern in the eXpresser and describing it with a rule.  Letters highlight the main features: (A) An `unlocked' number that acts like a variable is given the name `reds' and signifies the number of red (dark grey) tiles in the pattern. (B) Building block to be repeated to make a pattern.  (C) Number of repetitions (in this case, the value of the variable `reds').  (D,E) Number of grid squares to translate B to the right and down after each repetition.  (F) Units of colour required to paint the pattern.  (G) General expression that gives the total number of units of colour required to paint the whole pattern
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MiGen research challenges
• little work so far in supporting students in a 

constructionist context
• conversely, considerable guidance is required to 

ensure learning in such contexts
• feedback needs to be provided to students during 

their construction process
• since students are undertaking exploratory rather 

than structured tasks, teachers need to be assisted 
in monitoring students’ activities and progress by 
appropriate visualisation and notification tools
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MiGen context
• Deployed in classrooms in schools
• Students working individually, in pairs, or groups 

on algebraic generalisation tasks as selected by 
their teacher and presented to them by the 
system

• Real-time provision of feedback to students 
during their construction

• Aiming to assist the teacher in focusing her 
attention across the class and informing her 
interventions (not to replace the teacher)
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MiGen tools
• MiGen system comprises a number of tools:

– eXpresser
– Activity tool: presents activity sequences
– eGeneraliser: generates feedback to students 

during their construction, and also infers 
occurrences of “landmarks”

– Teacher assistance tools: present visually to 
the teacher the occurrence of landmarks –
focus of this paper 

– Task design tool, planned

Presenter
Presentation Notes
The Activity Tool presents students with activity sequences targeting mathematics generalisation, as designed by the designer or teacher. These activity sequences include phases such as introduction to an exploratory learning task, undertaking a task using the eXpresser, reflecting on a task, and sharing and discussing their constructions and rules with other students.



eGeneraliser - student feedback
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Presenter
Presentation Notes
The eGeneraliser has detected that the student has coloured the pattern in a specific way (with a constant 2), and the system suggests to change the number of repetitions of the building block to see if the pattern is still coloured – This is an example of a Task Independent landmark. What will happen is that the colouring rule will be wrong (because it only works for the present case, and the shape will appear as grey (i.e. wrong colour allocation). This will provoke a cognitive conflict in the student's mind, and should trigger reflection about the nature of the colouring and its generality. 



eGeneraliser - student feedback
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Presenter
Presentation Notes
The student has not constructed the pattern in a general way and, therefore, animating the pattern in the general world “messes it up” – This is an example of a Task Dependent landmark. The system points this issue to the student, in order to provoke a cognitive conflict in the student's mind, that should trigger reflection about the structure of the pattern and its generality. 
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Teacher Assistance tools
• A suite of tools, co-designed with teachers, 

aiming to assist the teacher in
• monitoring students’ activities and progress as 

they use the eXpresser 
• intervening with additional individual support 

as she decides appropriate e.g. providing 
additional guidance, encouraging reflection, 
setting new goals

• grouping students for collaborative activities
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Landmarks
• As the student interacts with the eXpresser, so a 

series of landmarks are automatically inferred by 
the system, which are then notified to the teacher 
visually via the Teacher Assistance tools

• Task-independent  landmarks occur when the 
system detects that specific actions or sequences 
of actions have been undertaken by a student
• e.g. ‘student has placed a tile on the canvas’, 

‘student has made a building block’, ‘student 
has made a pattern’, ‘student has unlocked a 
number’.  

Presenter
Presentation Notes
The set of appropriate landmarks has been identified as a result of iterative research, development and trialling by the research team. 
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Landmarks
• Task-dependent landmarks require intelligent 

reasoning to be applied to combinations of 
actions  - undertaken by the eGeneraliser

• TD landmarks require access to knowledge about 
the task and their detection may have a degree of 
uncertainty associated with it

• Examples of TD landmarks are: ‘student has 
made a plausible building block’, ‘student has 
unlocked too many numbers’, ‘student has 
coloured their pattern generally’ 

Presenter
Presentation Notes
Examples of TD landmarks are: ‘student has made a plausible building block’ (requires knowledge of the set of possible solutions to a task), ‘student has unlocked too many numbers’ (requires knowledge about how many variables a task needs), ‘student has coloured their pattern generally’ (requires reasoning on the student’s expression).A hybrid of case-based, pattern matching and rule-based reasoning is used in the eGeneraliser in order to infer the occurrence of TD landmarks and to update students' learner models~\cite{gutierrez10}. For example, case-based reasoning applied to the set of known solutions and the student's own solution is used to determine if appropriate building  blocks are being constructed and used correctly, while rule-based reasoning is used to determine if the student has coloured their pattern in a general way.  
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MiGen System Architecture

Presenter
Presentation Notes
The overall MiGen system has the client-server architecture illustrated in Figure 3. The ‘ball-and-socket’ notation indicates a component which provides an API (the ball) and the components that use this— the socket(s). For example, the eGeneraliser Information Layer provides an API which is used by the eGeneraliser User Interface. The client software is executed on each student’s and teacher’s computer, while the server software is executed on one server computer.As students interact with the Activity Tool and with the eXpresser, these tools’ User Interface components update the data structures managed by their corresponding Information Layer components. These components in turn post information about students’actions to the MiGen Server, including the occurrence of TI landmarks. The MiGen Server stores a timestamp with each instance of a TI landmark. TheMiGen server stores all its data in theMiGen database which is implemented in JavaDB, a lightweight 100% Java SQL-compliant RDBMS.The eGeneraliser Information Layer ‘listens’ to updates in the eXpresser Information Layer and from time to time infers the occurrence of a new TD landmark for this particular student, which it posts to the MiGen Server. It may also generate updates to the student’s learner model which it similarly posts to the MiGen Server. It may also generate feedback messages appropriate for the student, which it displays to the student through the eGeneraliser UI and also posts to the MiGen Server. The Teacher Assistance tools subscribe to the MiGen Server to be notified of the occurrence of TI and TD landmarks; more generally, they may subscribe to be notified of the occurrence of other updates as well e.g. to students’ learner models. 
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Sequence diagram

Presenter
Presentation Notes
Figure~\ref{fig:teacher-assistance-sequence} shows a UML Sequence Diagram illustrating this process involving both TI landmarks (from the eXpresser) and TD landmarks (detected by the eGeneraliser).  As the User(Set) manipulates their constructions and expressions using the eXpresser User Interface, the underlying eXpresser Information Layer is updated (message~\nextMessage). These events are posted to the MiGen Server~\nextMessage. The eXpresser Information Layer also notifies the eGeneraliser Information Layer of the user's actions so that it can appropriately process them~\nextMessage. The eXpresser Information Layer is also responsible for posting task-independent landmarks to the MiGen Server~\nextMessage.  The server notifies the Teacher Assistance Information Layer (\nextMessage) which in turn updates its user interface~\nextMessage. While task-independent landmarks occur directly and immediately from students' actions withinthe eXpresser, task-dependent landmarks are detected after the appropriate reasoning is applied within the eGeneraliser Information Layer, based on the actions of the user within the eXpresser so far. At various times therefore, the eGeneraliser Information Layer posts task-dependent landmarks to the MiGen Server (message~\nextMessage). Since the Teacher Assistance Information Layer has registered interest (in this example) in receiving all landmark information, it is therefore notified~\nextMessage and the new landmark information is then used to update the visualisations within the Teacher Assistance User Interface~\nextMessage.
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Student Tracking tool - summary

Presenter
Presentation Notes
Each row shown represents the progress of the student named on the far left. Each column corresponds to a landmark as labelled at the bottom of the screenshot (we list the full set of TI and TD landmarks in Appendix A of the paper). A coloured cell indicates that a particular landmark has occurred for a particular student. The occurrence count is provided in the cell itself. The colouring of the cells indicates whether the landmark is regarded as being ‘positive’, ‘negative’ or ‘neutral’, as described in Table 1. From Figure 5, it is immediately apparent that several users have been inactive at some point during their interaction with the system. However, many of these users have achieved other positive and/or neutral landmarks. For example, Ann Smith did have some periods of inactivity but she has also started placing tiles. She has also attempted to ‘animate’ her construction (this allows her to test out its generality by applying her expression to several instances of the pattern, as generated automatically by the system), even though she has not yet unlocked any numbers so as to in fact generalise her expression. All of these indicate to the teacher that Ann is having problems using the system, understanding the task or both. Lisa Smith, on the other hand, has just been inactive. Patterns of landmark occurrences such as these can assist the teacher in making decisions about which students need help the most.In contrast to Ann and Lisa, we see that Angela Lefevre is progressing well with the task: she has placed tiles, made a plausible building block, built a pattern using this block and has unlocked one of its properties. She had problems specifying a correct local expression (this is an expression for the number of tiles of a particular colour in a specific pattern) and also with specifying the global expression correctly (this is the expression for the number of tiles of a particular colour in the construction overall). However, crucially, she has not yet animated her construction to test out its generality. The teacher can therefore use this information to remind her to try animating her construction.Angela would then see whether she has built it generally. This demonstrates therefore that not only can this representation show the teacher who needs help the most but can also providemore subtle information which can be used to ask students thought provoking questions or further facilitate them on their way to successful completion of the task.
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Student Tracking tool - timeline

Presenter
Presentation Notes
This view shows the sequential occurrence of each landmark for a group of students during their interaction with the task. Each landmark (coloured as before) is positioned in relation to the time at which the landmark occurred (with time increasing downwards). Taking Ann Smith as an example once again, this representation shows that, initially, Ann seemed to be disengaged from the task: she clicked on the animate button a couple of times despite her canvas being empty and then proceeded to a tile. At this stage, the system detected that she was inactive for a while. If the teacher had viewed this representation at that point, she could have intervened and encouraged Ann to try placing single tiles to construct the pattern. She would then be able to see that Ann subsequently followed her advice and the system detected rhythm in Ann’s placement of the tiles.



http://www.migen.org

Conclusions
• Aim of MiGen’s TA tools is to provide information to 

teachers about their students’ activities and 
progress as they use the eXpresser, so as to 
support teachers in facilitating students’ productive 
interaction  with the system

• The paper describes the architectural design of our 
TA tools in general 

• And gives a detailed description of the Student 
Tracking tool that has been co-designed with our 
teacher collaborators
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Conclusions
• Ours is the first work targeted at notifying teachers 

about students’ attainment of landmarks during 
exploratory constructionist learning tasks 

• The set of landmarks used in MiGen has been 
identified as a result of iterative research, 
development and trialling by the project team

• These landmarks are a mixture of task-independent 
and task-dependent ones, and detection of the 
latter may have a degree of uncertainty 

Presenter
Presentation Notes
Exploratory learning -> student constructs their own knowledge
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Future work 
• The system was tested with students and teachers in 

the classroom in July, obtaining further feedback for 
improving its functionality and user interfaces
– For the Student Tracking tool, the timeline view was found 

to be more useful for the teacher than the summary view
– Also, teachers saw potential of this tool to be used after a 

classroom session, for assessing students’ progress and 
planning the next lesson

• Further trials are planned in schools in November, 
and in early 2011, so as to undertake further 
evaluation and improvement of the system



Classroom Dynamics tool - group
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