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Abstract

This work provides a formal development of a language for spec-
ifying agents to perform the analysis of group activities and learning
support within a groupware system, based on modelling patterns of
learning. The parameters in this language are updated by the agents
in the individual or group models and used to select optimal feedback
to provide to students learning activities. While the agents discussed
have been developed within a specific software system, the language
provides a generic formal approach to agent development in the do-
main of learning using groupware.

The domain considered is an open learning environment where stu-
dents are solving an open-ended problem. In contrast to an Intelligent
Tutoring System, there are no correct answers, only the development
of concepts and processes that improve the learning outcome. How-
ever, given the computer is still the mediator in the communication,
we aim to provide scaffolding for the learning that takes place. Hence
we need to develop a model of the learning efficiency or how to iden-
tify breakdowns. The results of this modelling are open to the user
through the scaffolding provided rather than direct access to the black-
board style communication database. Firstly if the feedback is aimed
at reducing behaviour that reflects poor learning, the agent is consid-
ered effective if the behaviour reduces. Secondly the feedback can be
directly assessed by the user and marked as appropriate or otherwise.

The formal language is used to describe rules of learning activities
which can be analysed by computer. Through the formal technique
of refinement, rules can be combined and enhanced. Through storage
over time in an individual and a group model, the analysis can be
extended to more complex rules. The formal language is used to de-
scribe the agents which analyse the learning events and their modelling
parameters which provide suitable scaffolding within the groupware.

Introduction

In this paper we describe a formal language used to develop agents for the
analysis of learning activities. The agents are designed to provide scaffolding
for the students’ activities. The paper starts with an overview of the activities
that are to be analysed to develop the semantics of the language. *

!Terms in this language are written in italics to distinguish them.



The idea of formal modelling as proposed here is designed to provide
a structure for modelling student activity in an open learning environment
rather than a tutoring system. The formalism is designed for analysis of
student processes to improve estimation of the level of understanding reached
by a group. Similarly formal rules are developed for analysing patterns of
interaction and participation.

Research done by Constantino-Gonzalez and Suthers [13] on participa-
tion and by Sollers and Lesgold [31] on interaction patterns have produced
methods to extract patterns from known good and poor learning interac-
tions. Given such patterns have been extracted, a learning support system
is designed here to match such patterns against groups in action.

The domain of learning is a course at the University of New South Wales
where students are required to develop Software Engineering Requirements
and Specification documents, using basic drawing and text editing tools to
describe the system. 2

The approach of this paper is to look at learning events rather than
learning states, since the latter cannot be deduced in open ended learning
environments. Work by Soller and Lesgold [31] uses Hidden Markov Models
to locate optimal learning interactions, or sequences of activities. The Hidden
model is used due to the inability to determine the state after each event or
activity within the software interface. In the present work the formalism is
based on the events and their sequences, using the event based formalism of
Abrial [2].

Once the language to analyse events is developed, the outcome of the
analysis provides feedback to students. There are two options to verify the
analysis. Firstly the feedback may result in improved learning or interaction
activity by the students. Secondly the feedback can be accessed by the
student for relevance and this response used to evaluate future feedback.

Prior Work on Developing a Formalism

Akhras and Self [8]and [5] have previously used Situation Theory as the
basis of their analysis of learning activities. Situation Theory differs from
the present Activity Theory approach (also used in the work by Fjeld et
al [17]) in that the emphasis of the former is on the emergence of human

2The groupware system used is described in Kutay [23]



activity out of the particulars of a given situation. This forms a state based
analysis of the learning activity.

In a Situational analysis the goal of the activity is a factor specified in the
context, rather than a coherent plan. The formalism developed by Akhras
and Self [8] analyses the learning environment and process as two factors and
adds the dimension of time, or extended action. This change to Situation
Theory was suggested by the development of Activity Theory [24]. Akhras
and Self formalised the processes in an Interactive Learning Environment by
considering;:

1. The context of learning including content, dynamics and development

2. Analysis of learning interactions through patterns, relation to context
and learner’s knowledge and patterns between learning situations

3. Analysis of the time-extended processes which are either cumulative,
constructive, self-regulatory or reflective

This analysis was further developed by Miihlenbrock [25] who devel-
oped Activity Recognition based on this situation calculus and then includ-
ing plans. Miihlenbrock uses the plan and task recognition developed by
Kautz [22] and Hoppe [21].

While the present work is similar to the activity analysis of this previous
work, it avoids the need for the initial situation calculus, by citing precondi-
tions, background, and constraints in terms of activity and events only. Also
postconditions are in terms of activity to be taken rather than situations. In
this work the problem of multiple non-occuring actions, or the frame prob-
lem, is avoided by considering the consequences of the actions, rather than
attempting to define all possible actions.

Miihlenbrock describes his formalism in the following sections:

1. Actions and operators within the environment
2. Situations representing workspace properties

3. Operators that relate actions to situations and other actions with pre-
conditions, postconditions, backgrounds, decompositions and contratins,

4. Complex actions based on a sequence of simple actions



5. Composed actions which are not yet completed

6. External actions are included, either previous asynchronous actions, or
messages from another user’s interface

This paper uses a similar structure but uses an Activity Theory analysis
of the learning to developing suitable scaffolding for the learning context and
so enhance the learning process.

Outline of Approach

The formalism is designed to explicitly develop scaffolding that is relevant
to the learning context at the present, and to define, encourage and enhance
three aspects of learning (see Dillenbourg and Self [16]):

1. Verbalising strategic decision through conflictive actions which require
explanation.

2. Acquire reflective skills through conflict between individual knowledge
and individuals experience which requires resolution.

3. Acquire better models of learning through conflict between different
individuals’ knowledge which requires resolution.

The focus is not so much on modelling the learning environment or learn-
ing states, as in modelling the state of the learner indirectly through the
events they have gone through or actions they have taken as discussed in the
section on Event-based Formalism. The formalism use the event analysis of
the Activity Theory model to characterise the learning processes as discussed
in the section on Activity Analysis.

Context

The context for analysis is an groupware learning environment where students
are solving an open-ended realistic problem and producing a document or
report describing their solution. Also graphical components for producing
domain specific illustrations of their solution are considered in the analysis.
In contrast to an Intelligent Tutoring System, there are no correct answers,



only the development of concepts and processes that improve the learning
outcome.

The physical interface for which the formalism was enacted as agent sup-
port is described by Kutay [23]. The groupware allows students to open
and view with their group tools that edit documents, make notes and draw
graphics, as well as providing a standard Chat tool. Chat contributions can
be augmented with token and topic descriptors to assist analysis. Another
tool that has been included in this model is a planner in which the student
may plan their work, or a course planner can be provided.

The significance of the domain is that the process of learning is very
open. There is no correct solution to act as a guide in analysing contribu-
tions. However there are rules for diagram and document formats. There
are no restrictions on the chat contributions. However there are patterns of
interaction which are optimal for learning. Finally there is no knowledge of
individual students differing views except where these are expressed in the
group. The analysis of the learning process as developed below, relies on this
generic data.

Event-based Formalism

The sequence of events as they are enacted can be described in the form of
Hidden Markov Chains describing the linking events rather than outcome
states. The agent implementation rules analyse the chains for effective or
ineffective learning. The rules can be developed from simple two event chains,
and then added to improve the complexity of the analysis. The outcome
states are probabilistic in nature.

The event system formalism developed by Abrial [2] is used to model
discrete transition systems. The formal model consists of constants, variables
and the invariant of the model. The events or transitions consist of a guard or
necessary condition of the transition and an action or effect of the transition.
The initialisation is the initial state or condition of the variables or actions.
The complexity of the formal model is handled by refinement, decomposition
and generic instantiation (See Abrial [3]).

In this paper we consider the following aspects of the learning:

1. Context. The invariant and the variables and constants of the domain
and their initialisation are used to describe the context.



2. Learning and Group Interactions. The events include guards or condi-
tions and actions which are used to describe the interactions.

3. Cognitive Process. These are described by functions of variables and
constants which are linked between agents through a learner model.

4. Affordances. These are handled by refinement (related to agent ex-
tension), decomposition (related to agent implementation) and generic
instantiation (related to generic agent types).

Although like Akhras and Self [4] we are describing the learning domain or
situation, we are describing this in terms of events or actions, hence there is
a direct translation from students’ learning activity to the computer analysis
of the learning used to derive scaffolding.

Domain Specific Agent Language Concepts

While the formalism is designed for translating generic learning goals and
strategies into software agents, the following aspects would be entirely do-
main specific and hence would have to be developed for each domain of
learning through the provision of such tools as templates and a lexicon of the
significant jargon of the domain:

Timing An outline plan of the course should be provided to enable analysis
of the timing component of learning. For instance, different skill and
concepts may be introduced later in session, so should not be assumed
at the start of the work.

Form of Scaffolding The form which the scaffolding or advice takes should
suit the level of learning of the student, starting at the basic level then
gradually builds up to more advanced concepts (see Brown, Collins and
Duguid [9]). For instance one approach is to use the course temporal
progression to set learning level. Then groups might initially be advised
to supply the basic required document format. Later in the semester
it will be suggested that particular sections may be too long. Finally
towards the end of the semester they will be prompted with general
advise for finalising the document in relation to the assessment criteria.

Semantics The semantics for the graphical format specific for that course
should be supplied. In the case of specific diagrammatic forms used

7



in the particular domain, there are rule which can be verified from
analysing properties of the diagram, and some rules that can be pro-
vided as a guide only, as they would require sophisticated language
analysis to verify.

Resources To enable student self-regulation of their learning various mate-
rial resources should be directly linked to the software. Also a version
tree structure to support a group document trace of changes provides
a tool for reflection and rework.

Concepts The important concepts of the domain could be provided as a
keyword list or lexicon for students to enable the tool to follow the de-
velopment of concept use by the students, and to provide a cumulative
reference to each concept.

We now proceed with the development of the formalism under the sections
shown in Figure 1). Examples of each part of the formalism are shown and
related to the learning scaffolding to be provided through agent analysis using
this formalism.

Activity Sets and Functions

The basis of the formal modelling is operations on sets. In this domain we are
dealing with activities of students in groupware, and wish to analyse these
activities and their function attributes. The activities and their attributes
make up the elements of the sets to analyse. The present work covers the sets:
Users, Text records, Graphical records and File handling. Implementations
in other learning domains may add to this list.

Activity Analysis

The context is represented by the variables and constants which may be
generic or specific to the domain. The invariant and initialisation of the
system define the context, so the language must be developed to describe the
range of contexts with which we are dealing.

The context of the learning is in two parts. There is the context in which
the group is working, the combined experience and information they can
draw on, which is classified as Learning Activity. Also there is the context
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for the individual and how they fit into the group, or the group learning
domain and is classified as Collaboration Activity.

The context is then a model based on the existing information on the
screen or the content of files (the information the group has chosen to open
in a tool or add to a tool), the information in focus (such as the topic of
discussion), the sequence of changes or the dynamics of the action (such
as the particular tool selected for reading or editing) and historical links
that the group has made between various pieces of knowledge or the system
development. This information is available to some extent for the analytical
agents to access. Also, the context can be updated by adding information and
tools to the screen, for instance changing the particular student’s software
interface to suit a change in role. Finally, the resources or Community, such
as previous years’ students’ projects, form part of the database of information
which the agents can draw from to describe the context.

The context language covers the aspects of the Activity Theory Model
described in Figure 2 and links them to the formalism as follows:

1. Interface Content (Subject, Object and Community) — Considered as
the variables, constants and their initialisation.

2. Activity of interest (Tools, Rules and Division of Labour) — Considered
as the functions including invariant and guards.

3. Objective of the Learning (Outcome) — Considered as events acting on
the variables to produce the outcome object.

Interface Content

The process of learning can be represented by actions on the entities of the
learning environment and process entities through the system interface. En-
vironmental entities are the concepts, actions, physical objects and informa-
tion related to the subject matter in the domain of learning. Process entities
represent information about the occurrence of these entities in the process of
interactions. These are the content of the learning activity and are carried
out on entities of the interface, such as the interface to the document file or
graphics file.

The entities are represented by constants and variables in the formalism.
In most cases the entities that are analysed by agents are attributes of other
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larger entities as described below in Section on Content Formalism. Their
value is established at initialisation and varies within the invariant parame-
ters.

According to Akhras and Self modelling environment entities corresponds
to specifying the types of situations the learner may encounter during the
course of their interactions with the environment. From the Activity Theory
approach the environmental entities are the objects of the environment that
may be acted upon. These are the files, the text or diagrams and their
specific features (such as views of documents, token in Chat, etc) and the
specific keywords from the Lexicon of the domain provided as part of the
agent system for that domain.

Activity of Interest

To represent the dynamics of actions we define events, context of events
and use the invariant and the event guard to set the conditions and limit
the effects of events. We need to develop a language of relations between
entities to set these guards and invariants. Also we need constants that can
be used between states and agents to describe the common attributes, which
are stored in the Learner Models.

The process entities are still not located in time, although they may be
analysed for sequence of occurrence. The way a learning process develops
is by analysis of entities and their interactions through proximity, duration,
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concept occurrence, opposition, completion or absence in an interaction. To
carry out this analysis the agents need to have encoded rules for these inter-
actions.

It should be noted that the actions we are analysing at present are those
initiated by the learner. Automatic analysis by the system is a further ex-
tension of the work not yet attempted. The present formalism deals with
the invariant relations that are maintained or through the activity as well as
desired functions leading to improved learning.

Objective of Learning

The learning is carried out by a series of events. These series of operations
and actions develop into interactions that can be analysed for plans, in a
sophisticated system, or in this case, analysed for patterns. As examples of
sophisticated systems, the analysis of spatial patterns in human-computer
tactic games using post-analysis of games logs with Hidden Markov Models
has produced some pattern recognition opportunities (see Sukthankar and
Sycara [32]). Also Bui [10] has proposed an implementation of the Abstract
Hidden Markov model to recognise plans or policies in online activities.

Agents can recognise predetermined patterns as predicting an achieved
state, if pre-conditions have been satisfied and then the expected action oc-
curs. The agent can then assume the post-condition which may involve sup-
plying advice or making other changes in the interface. This agent process is
described in the next sections as a means to analyse the cognitive structure
of the learning.

An important aspect is that the sequence of actions involved in a learning
pattern, may not be sequential, but separated in time, maybe even spread
over more than one group session. The agents need to keep track of the point
in any sequence the group has reached. In his plan recognition approach,
Bui [10] also assumed that the Hidden Markov Model has a memory, to enable
the model perform the task. In this present formalism, the Individual and
Group Models are basic data storages of attributes relating to past interface
contents and activities, stored as probable states of the individual user or the
group as a whole (See Section on Learning Objective).
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Structure of Formalisation

The formal language developed here enables the specification of agent support
for scaffolding in learning. The following sections provide an outline of the
aspects of analysis that can be performed by the agents on the learning
context. This is not complete, but provides a view of the scope of this
analysis. This formalism has been designed and implemented in an existing
system, hence some of the difficulties of definition and categorisation have
been resolved.

Content Formalism

The entities that are analysed by the agents are the variables and the con-
stants of the agent language. The entities provide a way to model the infor-
mation on the screen or in files. This forms a representation of the learning
state of the student or group.

1. User: The first variable is the wuser which is an element of the set
of Users who are online. This set is developed by the server. The
attributes of a user are User.name and any other data that is stored
in their Individual Model.

2. Files: The files that belong to the group are the entities File and refer
only to the files read/writeable by the tool agent that is requesting
them. The file attributes can be specified as File.open or File.closed
or File.all, to select those files that are active at present or to check all
local files. The File.group form is used to specify those files that are
saved in the repository as group-verified files.

3. Initialisation: The pattern analysis is initialised when the tool starts
(Tool.onstart), when a file is opened (Tool.onopen) or closed (Tool.onclose),
or periodically (Tool.permanent) on a given time period, or when called
by Course Planner (Tool.planned).?

4. Time: Time is a variable that can be related to Now, beforeNow and
afterNow.

3The planner initiates the plan agents, when a task is reached that matches the chat
Topic or a milestone is reached.
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5. Objects: The Objects created (eg text or diagram) are recorded as
records. The format of the records is listed in configuration files to be
used at initiation of each tool.

These records give the form of the data records for the current tool, such
as Line for the Chat(including attributes Line.token, Line.tokenNumber,
Line.topic and Line.username to extract the token, tokenNumber, topic
or username of the line).

All records are recorded by the Activity log with a time and Record.create
or Record.delete component giving the username of the user doing this
activity.

6. Template: Any template file is developed using the record structure
from above, so that the template and the student’s files can be com-
pared using these rules and entities. For instance a Course Plan is in
the form of Plan.tasks and Plan.milestones.

Entities or objects can be combined in many different ways. For instance
they can be searched for relationships between entities (—,«, <, >, =, #).
Also they can be searched for entity attributes such as Line.topic==“Executive
Summary”.

Each Also we need to represent the constant attributes. For instance
Line.token is an element of the set of tokens as specified for the particular
groupware chat tool.

Line.token € {" RequestInfo”,” Explain”,” Rephrase”,” Disagree”,

7 Acknowledge”,” Clari fication” }

Activity of interest

In this formalism the events associated with learning are the conditionals
that are searched in the interaction and learning process. These conditionals
form the guard of an event. When the event is achieved, action is taken by
the agent. For instance, the iterative form of event guard is given as:
pre(Conditional (process, step — 1),t — 1)A
occurs(Conditional (process, step), t)

“topic refers to selected topic of contribution, which is usually a list of tasks in the
planner
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= exists(file, process)

When a sequence or pattern of activity is established, such as a student
asks for information in Chat, then the agents can verify if the pattern is
completed with an “Explain” or no “Explain” over a certain interchange
time.

The files are searched for conditionals relating to their record entity struc-
ture. These conditionals are associated with the objects of a particular tool so
each tool is described as an attribute of the generic Tool, such as Tool.Editor.
For instance:

conditional(Tool. Editor, ExecutiveSummaryLength)

< exists(file(Tool. Editor, File.open)

Section.header == “ExecutiveSummary” )\
length(Section.header == “FExecutiveSummary”) > 20[lines]
or

length(Section.header == “ExecutiveSummary”)

< length(Section(header) == “Requirements”)

This is the same as the event (z,y) form used in Akhras and Self [8].

Each event provides the role of that object in the activity. In this case
the role of the section is to have a certain length. It would also have a certain
content description, which would be provided to the system in the Document
Template pattern.

Entities can be searched to find comparisons of their records. In DFD
the shapes can be searched for proximity:

Jvariable.(variable € ShapeA

variable.bounds — variable.bounds < 10[pizels])) (pixels assumed)

Objects which are added then deleted over a short period can be verified
by analysing entities changed and comparing the time record.

change(Tool, $record, user, t) =

add(Tool, $record, user, entity,t)

Vdelete(Tool, $record, user, entity,t + 0)

Vmove(Tool, $record, user, entity, t 4 0)

These searches or checks are used by the agents to set the conditionals
for action rules. Once a conditional is reached, the agent provides a return
object. The return may be in the form of a list of items found satisfying
the conditional. The return is used to determine the action of the agent to
be proposed. The final action taken may also depend on the Group Model
which stores the accumulation of past actions in terms of probable states.

15



Sometimes the actions require further pre-conditions or invariants, where
the action also depends on various state or process factors. These are ex-
pressed as iterations of conditionals, but depend on values stored in the
Group Model. For instance in the analysis of use of a particular Concept in
the Lexicon:

Conditional (Action(concept), depth(concept) — 1)

= write(depth(concept), all)

or

Conditional (Action(concept), context(concept))

= write(context(concept) + 1, all)
where the previous depth of activity reached on that concept is retrieved from
the Group Model. The rules for development of the database for the Group
Model are the constants of the formalism.

Learning Objective

The Learner Models (Individual an Group) keep track of all the action data
over time and is used to specify the exact response of agents in a given
context over time. This includes the states that may have been reached, in
learning, such as depth of activity on concepts as depth(keyword) and level
on DFD as level(DFD). The Learner Models are created by the agents in
the Blackboard style (see Chaib_Draa et al. [11]) using a communication
database for recording the probable state.

The information about the Learning Objective and the state in this
planned process is used by agents to assist in deciding the level of feed-
back to be given, the priority of certain feedback relating to processes which
may be near completion, and feedback that should be combined if possible.

In the modelling formalism as expanded below, the time variable is dis-
crete. In fact each step in time is signified by the pointer on the log file
moving to the next line and the new line being read.

e Depth: occurs(depth(concept),t)
= occurs(depth(concept) — 1,t — 1) A occurs(concept, t)

o Level: level(diagram) = maxXroe.prproeo Process.level

e State: occurs(state(process),t) < occurs(pre(state(process)),t — 1)

Noceurs(conditional (All, process), t)
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e Combine Action: Action(eventl) C Action(event2)
< summarise(Action(event2).role, Action(eventl).role)

Vextend(Action(event2).role, Action(eventl).role)

Another aspect of the agent language that relates to the history or devel-
opment of the modelling database, is the functions that define the searches
to be made. Searches are made of entire files to verify activity in terms
of various rules. For instance, if a document is being searched for records
that satisfy a conditional, the function find(conditional, list) finds elements
from the list (which may be files) which have the conditional being true and
returns them as the return list.

In addition, length(return) provides data on how many items in a list,
once a search has been made and the return of a search saved as a list. Also
last(x, return) and first(z, return) returns the last and first x elements of the
return list.

Learning Activity and Group Interactions

In this section we look at the analysis of the actions in terms of the learning
activity and group interaction which is able to be extracted for agent analysis.
These are described by functions of variables and constants.

The cognitive structure of the students is what a student or group knows.
This can be treated as a summary of concepts and experience that have
been encountered, and possibly repetitively. This provides the opportunity
for them to modify their cognitive structures (following approach of von
Glaserfeld [19]). Linkages of events through time sequence or linkage of
object through proximity (such as opening two levels of a DFD at once to
compare) show this learning activity.

The areas of Activity theory covered in this section are the tasks, in-
cluding the Steps performed which suggest cognitive links or structures, the
Division of Labour or interaction of the students and the Co-ordination of
labour in the sense of learning processes analysed.

Analysis of Cognitive Structures

This is a model of the knowledge relations students make, by adding informa-
tion or links. This occurs as events through editing the objects, or through
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thought by opening records of past events and reviewing.

The graphical tools incorporate the symbols used in that course, for in-
stance DFD’s use labelled and unlabelled arrows, ovals and rectangles. These
form the entities of the rule analysis, where the semantics of the graphical
representations and important aspects in the diagram can be checked and
recommended.

As for graphical constructions, there is a set of rules for a general text
document layout which should be adhered to, but these should be made more
flexible by using an adaptive model to analysis the content of the sections.
This model would be applicable to any report writing domain.

Analysis of Interaction Division

The process analysed the division or difference between the interactions of
students, for instance their different participation levels. The learning prim-
itives look at participation aspect in terms of how much an individual con-
tributed to events or object editing, or within what sort of interaction envi-
ronment the learning occurred (conflictive, rapid exchange or long reflective
exchange).

From the Collaborative Learning Taxonomy used for providing token in
the Chat tool, we get interaction patterns which may be present or absent
in various combinations. These can be combined to deduce the value of the
interaction for learning. In particular conflict and participation are aspects
which affect learning.

Analysis of Learning Co-ordination

The analysis so far has been collecting the data on student acts, and the next
step is to analyse these acts for threads that may link to specific conceptu-
alisations of the more complex learning. These include working in a group,
decision making, designing graphics, developing the documents and linking
diagrams with documents.

Analysis of Cognitive Change

The simplest forms of cognitive change to analyse are those relating to the
use of new or old concepts or linking new with old. This usually occurs as a
result of reflection.
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A more appropriate approach is to look at the cognitive change that
occurs as a result of the output of the agent. If the agent has correctly
identified the possible learnign state and provided suitable feedback, the
student will gain in their learning. The proof of the agent or its verification
would come from analysing a cognitive change that matches the pattern of
the required cognitive change specified in the pattern of that agent. Hence
we must look at the language used to specify the action for change.

Cognitive Structures

The type of links between knowledge that need to be represented are pre-
sented in formal language here as:

Common threads running between the tools
filel — file2 < find(filel, concept) = find(file2, concept)
and
conceptl — concept2 &

Jtoken.(token — conceptl A token — concept2)

Timing compared to course planner

Task.description = concept N occurs(concept,t) ANt < Task.end

Templates used to compare to student documents and diagrams Yvar.(var €
Records N wvar € filel A filel = templatel

Atemplatel € Template = var = Template.record

Rules adhered to in documents including graphics
Vfile.(file € Tool.Editor = Editor.rule( file))

The rules are defined as sets of rules for each tool. The rules in diagrams
include aspects from the design pattern. If a design pattern record is names
“Search” and its attributes as: Tool searched == tool, object found = record,
search similar = attributel, search dissimilar = attribute 2. Rules can be
expressed as

Yvar.(var € Search.tool A var € Search.record

Avar.attributel = Search.attributel Avar.attribute2 = Search.attribute2
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Interaction Division

There are interaction patterns that can be analysed simply from the Chat
tokens. For example these patterns include occurrences of “Request Info”
followed (or not) by “Explain” or “Rephrase” from another student with a
different username.

Va.(a € LineN

a.name = user A user.token = “RequestInfo’ N\

Ju.(u € Line A\ uw.name # user

Au.token = “Explain”|“Rephrase” N

u.target = user.token) = append(a, return))

Other patterns such as Criticism can be seen in document and drawing
tools from the pattern of insertion and deletions.

(>,(a € Shape V Paragraph A a.create = user /A

Ju.(u € User,u.name # user A a.delete = user)) > 10)

= append(a, return)

Learning Co-ordination

The modelling of the group from the individual models is now described for
each of the attributes of the Learner Model.

1. State:

Decision State decisionState.group = min(decision.individual)

Decision Contribution decisionContrib.group = user.name — decisionContrib.indiv
Course State courseState.group = maxymecourseState.individual

Design Complexity design.group = max(design.individual)

Agent Weight agentWeight.group = max(agentW eight.individual)

2. Context:

Role role.group = user.name — role.individual
Concepts concept.group = Uysernameconcept.group

Depth depth.group = average(depth.individual)

3. Action:
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Interactions participation.group = min(participation.group)
Files files.group = files.individualyp,arian

Windows windows.group = NysernameWindows.individual

These values are available for the user to view, however the more useful
aspect of the open modelling comes with the ability of the student to com-
ment on the feedback given based on the system modelling of their learning.
The difficulty is that the data as stored in the model if not direclty informa-
tive, however the actions taken by the sytem based on this data are either
useful or not, and this is where student comment is sought. We now look at
the cognitive change as a result of agent action.

Cognitive change

The basic change is the replacement of old ideas with new.

new(concept, user, t) < Ichange(tool, concept, user, t)

AYtj.(ti < t = —occurs(context(concept),tj)

= —occurs(depth(concept), ti))

The cognitive aspects that are changing are the depth of activity and the
context in which concepts occur. These constant functions are developed in
terms of the language variables and the Learner Model entities.

Depth of activity is a mapping from the total occurrence of a concept to
the number of states of learning for that concept. For instance if the concepts
Requirements has been given 4 levels then the depth of understanding by
a group of that concept is a mapping from the number of occurrences of
Requirement, or the number of edits of the Requirements section in the report,
to the numbers 0 to 3.

depth(concept) = total(concept) — numLevels

wheretotal (concept) = 31 > roor.an(0ccurs(concept, t1))

Also the change initiated by agents is a result of the action by the agent.
The various actions developed so far are:

1. write(target, tool, token, textString) — writes “token: textString” to
tool in target screen

2. mailto(target, textString) — mails textstring addressed to target

3. write(model, attribute, textString) — saves textString to attribute in
Learner Model
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4. implement(toolAgent, textString) — implements agent for tool with
textString for information

Cognitive Process

As the activity is modelled over time, the entities or variables change with
the events. To preserve the history of the interactions, or the process and
patterns of the activity, we focus on the sequence of actions. These patterns
are the model of the students activities in the context and the cognitive
structures that are developed as a result of these activities. It is the linking
of context and cognitive structures by activities that provides the opportunity
for student learning, and for computer analysis.

The level of scaffolding that the system should provide for students to
guide their intentional learning should diminish throughout the course (see
Brown, Collins & Duguid [9]). Also, there are aspects of the learning that
may be introduced to encourage further development when part way into the
course. In particular, the need to encourage conflict should diminish as the
design is developed and the report construction progresses.

However, there would need to be some assessment of where the group is
at, what level of understanding of the course concepts has been achieved, or
simply where they are at in their design. This could then be matched with
data from the domain data as to what action to be taken at various states
of learning.

The analysis of the development of the cognitive processes is gained from
the history recorded in the Learner models and the development of the doc-
uments on which the group is working.

The communication between software agents resembles the Blackboard
model and human agents also co-operate on the group interface which resem-
bles a Blackboard model of the project outputs. In both cases the blackboard
is being used to solve the problem which no single agent (human or software)
is capable of solving alone.

Determine the cognitive processes

The states which are conducive to learning according to Akhras and Self [4]
are: cumulative, constructive, self-regulated, reflective and attentional pro-
cesses. Processes can be modelled in the collaborative software domain as
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having the following properties:

Cumulative Repeated encounters with a concept or learning process which
is analysed by an arrangement pattern.

Constructive Applying knowledge to new situation by adapting or using
previously developed materials which is analysed by a transformation
pattern.

Group-regulated Accessing course resources or linking to either group doc-
uments or examples from other projects which can be analysed by in-
duction or deduction patterns.

Reflective Accessing learning model interface, logs of interaction or version
tree which can be analysed by reflective pattern.

Attentional An abstraction of the discourse participants’ focus of attention,
records the objects, properties, and relations that are salient at a given
point in the discourse.

These are developed through the different agent types. As well as analysing
the processes specific to each state of the learning activity, these categories
are the general properties of constructive learning that need to be supported.
The interface can assist by providing the facilities for following such processes,
and keep track of whether students or groups have used them.

The types of patterns of structural development analysed in learning are
expressed in the formal language below. It should be noted that the agents
are interested in looking for the occurrence of any such developments, rather
than a development relating to specific keywords.

Cumulative Aspects

Students repeatedly return to certain parts of the project for further changes.
Also, when saving versions of their work, students repeatedly refer to an
aspect of the design which is requiring some thought to work out. The
latter requires the implementation of a domain limited subject list for version
descriptions to reduce the computational load of analysing the cumulative
aspects.

When students are seen to access similar information or use similar con-
cepts in their design or report writing, it may be assumed that they are
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accumulating knowledge about that concept. The model can keep track of
the concepts that are accumulated and their relation to the above aspects of
learning.

In decision making the sort of concepts that may be considered are the
use of disagreements or the providing of answers to improve common under-
standing and the resolution of conflict in terms of effective design changes
(which are not changed in later sessions).

Arrangement :

Jkeywordl.(keywordl € (Paragraph.text \V Shape.text)\

Jkeyword2.(keyword2 € (Paragraph.text \V Shape.text)\

keywordl — keyword2))

where ”"+—" is a mapping in the tool structure, either by XML entries in
the documents or links in a diagram.

Constructive Aspects

At present the cut and paste facilities, especially between versions, and using
the linking structure within a document, is the only access available through
the present analysis to this aspect of learning.

As students develop links both within their document and between dif-
ferent documents they may access or save. The concepts that are linked can
be assumed to form a construction of knowledge. In decision making, this
would include referring back to previous decisions, revisiting old versions and
relating conflicting ideas to their resolution.

Trans formation :

Jkeyword].(keywordl € (Paragraph.text vV Shape.text) A

Jkeyword2.(keyword2 € (Paragraph.text \V Shape.text)\

keywordl.level < keyword2.level N\ keywordl.deleted

= keyword2.created))

where there may be different forms of transformation depending on the
tools used.

Group-Regulated

Various resources relating to the domain knowledge can be provided to stu-
dents through the groupware and accessing these links can be recorded, and
information provided to the student on their access of these resources. These
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resources may be provided by the course, the material the student has found,
or previous versions of the document with editing.

The Group Model provides the resource for keeping track of group ac-
tivities. These activities are the sum, difference or maximal value of the
Individual models plus specific group data. The analysis of these links is
done by deduction and induction patterns for which examples are expanded
as:

e Deduction (Text): Jkeywordl.(keywordl € (Paragraph.text\V Shape.text)A
occurs(keywordl, t) A (keywordl.level = keyword2.level))
Noceurs(keyword2,t)

e Induction (Planner): Jtask.(task € Tasks,task.end < t1) Nt < tl
Noceurs(task. finish, t)

Affordances

The first aspect of affordances is how the agents relate and develop from
each other. Through the formal language this is expressed as refinements,
decompositions and generic instantiations. These relations in the language

As a learner completes activities or types of group interactions, they effec-
tively move from one level of control and abstraction to another, the language
shifts, or incorporates features of the new level of abstraction. This process
is said to raise the cognitive floor® of their actions in the domain, reducing
the cognitive load.%

The pattern structure to describe student activities followed this devel-
opment or refinement (see summarise and extend functions in Section on
Learning Objective). As students actions match higher level patterns, or all
the sub-level patterns of a higher level pattern, then the concepts involved
in the higher level pattern can be used for generating advice responses.

The structure in the learning and interaction analysis has the following
features:

5The level at which a learner understands a domain is their cognitive floor, on which
all other knowledge of the domain is built.

6The cognitive load is the effort required to keep distinct ideas in working memory. By
combining a group of ideas into a concept, the group of ideas reduces to a single entity in
memory.
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Extend Rules can be an extension or refinement of a more general rule by
making a deeper analysis of the occurrence of an approach or process.

Implement A more complex rule can use the analysis or part of the analysis
of other simpler rules through decomposition in simple parts.

Generic Rules can be sub-pattern of a more generic rule that summarises
their features in common. The generic rule provides a generic instan-
tiation of the sub-rule.

These are expressed as:

1. extend(RuleRefinement, Rule) — same as part(z,y) relation as used
in [3];

2. implement(ComplexRule, SimpleRule) — which includes analysis out-
put from one agent in another; and

3. generic(GenericRule, SpecialCaseRule) — same as kind(z,y) relation as
used in [8].

These relations between functions are used to provide combined feedback
from agents. Where two rules are related by their role and enacted together
in time, their feedback can be combined. The role of the Action is derived
from the function and is an attribute of the Action.

Student interactions develop patterns of processes that are cumulative,
constructive, group-regulating, reflective or attentive. After a sequence of
learning actions several patterns of interaction hold, and hence a set of pro-
cesses may be developing. These rules and processes characterise the state
of the learning.

The possibilities for any future interaction to develop the rules or pro-
cesses further are the affordances of the activity. Formalising these affor-
dances allows the agent system to reason about the features of the activity
that can be emphasised or de-emphasised to enhance deeper learning or more
collaborative interaction.

Outcome

The aim in providing learning support is to change the learning environment
to enable the next state of learning or interaction to be reached. There
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are two approaches to changing the environment presented by Akhras and
Self [5]. They are:

1. Analyse the patterns in the learning process that describe the opportu-
nities provided for learning at that state (which may then be assumed
in the learner model) and

2. Infer the learner’s needs at a certain time which determine the environ-
mental changes to be made to provide suitable learning opportunities.

In an open learning groupware system the environmental changes are
mostly in the form of feedback, either of comments or alternate examples.
Much of the scaffolding is based on case based reasoning in that it provides
information about similar problem solutions in similar context. The aim is
to enhance cognitive flexibility by providing multiple perspectives, themes or
interpretations on the problem.

By providing agents that self-analyse the response to their action, we are
able to assess the value of the agent scaffolding. If the opportunities are taken
up by the learners or the learning problems are resolved, then the agent input
may have been suitable. The agent can itself analyse whether the effect it
was responding to is still present, and to what degree.

Altenatively the user is given the option of responding directly to the
feedback in popup windows. For instance if the users chooses to 'Hide’ the
paperclip advisor, then the advise would seem to be redundant or incorrect.
While the specific features of the group and individual model are retrievable,
their significance is largely unintelligible to the user except in terms of the
feedback they promote.

Conclusion

Analysis of groups working on-line has provided the list of structures which
must be formalised in the learning domain and group work domain to enable
the analysis of student contributions in group mode. The formal language
also provides mechanism for linking and developing agent complexity through
refinement and extension.

The difficulty in providing agent support for feedback is the variety of
learning activities that students can undertake on-line and within various
domains of learning. This paper classifies all such activities into a generic
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language. The scaffolding can be developed from these, based on the patterns
of students activities.

The significance of any pattern of learning which is used in setting the
learning level within the environment, can be determined by modelling learn-
ing, and specified in formally written files or rules. The method of modelling
learning can be simple (such as how often a concept is referred to) or complex
(as in the analysis of Hidden Markov Models by Soller and Lesgold [31]).

Particularly in the more complex analyses, it is recommended that the
user assessment of the model be indirectly through the user response to agent
advise in terms of their subsequent learning and interactions.
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