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Abstract 
 

This paper describes the design and evaluation of 
COLER, a computer mediated learning environment that 
includes a software coach to help students collaborate 
while solving Entity Relationship modeling problems. 
Unlike previous work generally emphasizing dialogue 
analysis or expert models, this work evaluates a new 
approach to supporting collaboration that identifies 
learning opportunities based on differences between 
problem solutions and tracking levels of participation. 
Results of an evaluation process explained below show 
that good quality advice can be obtained through these 
knowledge sources, although other knowledge sources 
may fill in gaps relative to the expert's performance. This 
work demonstrates how intelligent agents can produce 
reasonable collaboration advice in domains for which 
structured problem solutions exist by using a few basic 
knowledge sources. We discuss how COLER’s design 
supports collaboration and implications for the design of 
future constructivist learning environments.  

1. Introduction 

Global changes in society and technology are 
demanding new skills and attitudes from today’s 
workforce. Individuals should be able to share and 
negotiate their own knowledge and perspectives with 
others while working together to solve complex problems. 
Education must change from a transmission model of 
learning to a constructivist view of the learning process in 
order to support development of these skills. The learners’ 
and professors’ roles need to adjust accordingly [27]. 
Learners should participate actively in their learning, 
while professors should become learning facilitators who 
monitor students, guide participants in the application of 
collaborative skills and foster peer interaction by 
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ncouraging participation, discussion of viewpoints and 
esolution of conceptual disagreements. Collaborative 
earning is an appropriate instructional paradigm for this 

odel of learning, and one for which positive outcomes 
ave been reported, such as better performance, critical 
hinking and cooperative behavior ([15], [19], [29]).  

Computer-mediated collaborative learning [23] is 
specially important in distance learning environments 
ince remote learners may be isolated and have few 
pportunities to develop and practice collaborative skills. 
brami and Bures [1] state, “… with social and 

ntellectual isolation, students may fail to develop and 
efine those cognitive and interpersonal skills increasingly 
ecessary for business and professional careers.” 
owever, merely providing distance learners with a 

ommunication channel does not ensure that students will 
ffectively collaborate with their teammates. A facilitator 
o monitor students’ collaboration is necessary. Yet it is 
ifficult for a human facilitator to track many teams 
orking at different times with members located in 
ifferent places. Therefore, there is growing interest in 
eveloping intelligent systems that support this 
acilitation process.  

Our work provides a learning environment (COLER) 
n which the facilitator can interact with remote students, 
hile being assisted by a computer coach that facilitates 

ffective collaborative learning interactions. The main 
roblems a collaboration coach has to solve are similar to 
he ones for individual coaching: when to intervene and 
hat to say. Yet designing a coach that supports students’ 

ollaboration is a new challenge, since most prior work on 
oaching has focused on expert and student modeling 
21]. In contrast, a collaboration coach has to monitor not 
nly one student’s activities, but also the teammates' 
ctivities, and should encourage interactions that 
nfluence individual learning and the development of 
ollaborative skills, such as giving and receiving help and 
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feedback, and identifying and resolving conflicts or 
disagreements ([12], [20], [35]). 

Several computer-mediated collaborative learning 
environments have been developed to support 
collaborative interaction [18]. Most of these systems, such 
as DEGREE [5], C-CHENE [4], the Group Leader Tutor 
[24], iDCLE’s Expert System Coordinator [26], and 
BetterBlether [28], use restricted menu-driven or 
sentence-opener interfaces in order to understand 
students’ interaction, and give guidance based on an ideal 
model of dialogue. Dialogue-based support provides 
several advantages, such as potential applicability to any 
subject matter area, automated interpretation of students’ 
interactions, and restriction of discussion moves and 
learning interactions to those believed to be productive for 
learning. However, systems that require use of devices 
such as sentence openers present some disadvantages such 
as restricting the type of communicative acts, slowing the 
communication process, and misinterpreting students’ 
dialogue when students use the interface buttons 
incorrectly. It would be advantageous to increase the 
repertoire of ways to provide automated support. One 
example is using action-based collaboration analysis [25], 
which monitors and analyzes moves of multiple users 
within a shared workspace. Another example is 
GRACILE [2] which gives help based on Vygostky’s 
concept of the zone of proximal development. 

Our work seeks to facilitate effective collaborative 
learning interactions with minimal reliance on restricted 
communication devices such as sentence openers. We 
focus particularly on helping students to recognize and 
resolve conflicts between their problem solutions, because 
these kinds of collaborative interactions are expected to 
lead to learning. In this paper, we describe the learning 
environment and evaluate the feasibility of generating 
advice based primarily on comparing students' individual 
and group solutions and on tracking student participation. 
We excluded the use of discourse models and comparison 
to expert solutions as a research strategy, in order to 
evaluate the value of the knowledge sources on which we 
focus. This strategy should not be interpreted as a denial 
of the importance of these other knowledge sources. Our 
approach is close in spirit to the action-based analysis of 
Mühlenbrock & Hoppe [25], but differs in that we 
monitor individual work in both private workspaces and 
shared workspaces to identify conflicts.  

The paper is organized as follows. First we introduce 
the domain of Entity Relationship modeling and COLER, 
the learning environment within which the studies were 
undertaken. Then we describe the architecture of 
COLER’s coach, and summarize our evaluations of the 
quality of COLER’s advice, the roles of the knowledge 
sources in generating this advice, and students’ opinions. 
We conclude with a discussion of the implications of this 
work for the next generation of online learning systems.  
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. COLER 

COLER (COllaborative Learning environment for 
ntity-Relationship modeling) is a Web-based 
ollaborative learning environment in which students can 
olve conceptual database design problems while working 
ynchronously in small groups at a distance. Conceptual 
atabase design requires analysts and database users to 
ollaborate to produce a shared conceptual schema ([6], 
16]). COLER gives instructors the facility to monitor 
tudents while they are collaborating on this task in real 
me and to give them advice. A personal coach, to 
upport professor’s facilitation, is included for each 
tudent within COLER. Each coach analyzes the state of 
teraction and recommends actions the student might 
ke to improve his or her participation.  
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Figure 1: A student’s entity-relationship diagram 
 
The ER model is a diagram composed of a set of basic 

lements called entities, attributes and relationships. The 
ntity-Relation (ER) diagram notation used in this 
esearch is based on the Chen formalism [9], with 
DEF1X notation [7] used to represent entities’ attributes 
nd reduce diagram space. An example student diagram is 
resented in Figure 1. 

 
.1 COLER’s Functionality 

 
The learning objectives for COLER are to improve 

tudents’ performance in the application of the Entity-
elationship modeling formalism and to help students 
evelop collaborative and critical thinking skills. Special 
mphasis is given to those collaborative skills associated 
ith the analysis of different solutions and the expression 

nd resolution of disagreements, such as Communication 
nd Conflict Management skills [19]. COLER’s aim is to 
ke advantage of the positive social aspects of cognitive 

onflict, using the perception of differences as a 
otivating factor for discussion an their resolution as a 
eans for learning ([13], [14]). COLER enables students 
 analyze alternatives, be aware of teammates’ opinions, 

erceive differences in solutions, give and receive help 
nd feedback and express disagreements. Students are 
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Figure 2: COLER collaborative student interface 
encouraged to discuss their discrepancies and participate. 
They must solve the problem first alone and then in a 
group, which helps ensure individual participation and 
provides the raw materials for the proposed “negotiation 
of differences” paradigm of collaborative learning. 
Students’ initial solutions also provide the coach with 
useful information to identify learning opportunities.  

COLER enables instructors to setup some initial 
conditions and participate during the group interaction. 
Setup functions should be performed before students can 
work in a COLER collaborative session. They include 
defining teams (name and members) and creating the 
HTML pages of the database problems to solve. 
Additionally, the instructor must define the glossary of 
words for each problem, as well as review/update the 
value (weight) of typical ER differences between 
diagrams to indicate which ones are worth discussing.  

After the instructor has finished all setup activities, 
students can launch COLER and log into the system. In an 
individual student session, a page containing the scenario 
of the selected problem and the specialized area for 
constructing ER diagrams is displayed This phase of 
individual problem solving is very important because it is 
expected that if students first try to solve the problem 
individually they are more likely to become aware of 
differences to be discussed. After every member of the 
team has finished his/her individual diagram, students can 
start working in groups. During the collaborative session, 
instructors can observe students’ individual and 
collaborative progress and give students private or public 
advice through the chat window. 
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.2. COLER’s Interface 

    COLER’s student group interface is shown in Figure 
. The problem description window (upper center) 
resents an entity-relationship modeling problem. 
tudents construct their individual solutions in the private 
orkspace (upper right). They use the shared workspace 

lower center) to collaboratively construct ER diagrams 
hile communicating largely via the chat window (lower 

ight). They can use a HELP button (upper left) to get 
nformation about Entity-Relationship Modeling. A team 
anel (middle left) shows the teammates already 
onnected. Only the student who has the pencil can update 
he shared workspace at a given time. The floor control 
anel (bottom left) provides two buttons to control this 
orkspace: ASK/TAKE PENCIL and LEAVE PENCIL. 
dditionally, this panel shows the name of the student 
ho has control and the students waiting for a turn. An 
pinion panel (middle right) contains two areas. The 
pper area contains three buttons that enable students 
xpress their opinion regarding the last object added to the 
hared area: OK: Total Agreement, NOT: Total or Partial 
isagreement, and ?: Not sure, Uncertainty. When a 
utton is selected, students have the option of annotating 
heir selection with a justification. Opinion button 
elections are displayed in the chat area along with any 
ustifications in order to correlate these opinion-
xpressing actions with the chronology of the chat 
iscourse. The bottom area within this panel shows a 
ersistent summary of the teammates' opinions on a 
urrent issue by showing the teammates’ name in the box 
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below the opinion button the teammate selected (OK, 
NOT, ?). A personal coach (upper left) gives advice in the 
chat area based on students’ participation and group 
diagram construction. Although several suggestions may 
be computed at a certain time, only one is shown in the 
chat area. The others may be obtained by pressing the 
SUGGESTIONS button, which is disabled if the coach does 
not have any advice to offer.  

When all of the students have indicated readiness to 
work in the group, the shared workspace is activated, and 
they can begin to place components of their solutions in 
the workspace. This may be done either with COPY/PASTE 
from private workspaces or by making new structures in 
the shared workspace. Entities and attributes must be 
named with words in the Glossary of the selected problem 
to make students aware of the necessity of a common data 
dictionary and to make it easier for the coach to compare 
their solutions. The system doesn't attempt to do natural 
language understanding. Students can type what they 
want, but if a word used is not in the glossary, they are 
prompted to check the glossary and pick a synonym from 
there. After each change to the workspace, the changed 
object is highlighted in yellow. Then students are required 
to express their opinions using the OK/NOT/? buttons 
before making subsequent use of the shared workspace.  

Five formative empirical studies were conducted for 
COLER’s design. Some of these studies were carried out 
on paper, while others used COLER’s initial interface. We 
found that it is important to have the problem statement 
available as part of the interface, since students usually 
read the problem while they are constructing a solution 
and point out a specific part of the problem when they 
discuss a specific issue. Although in the paper-based 
studies the group solution was usually constructed by one 
student, in the online studies more than one student 
generally wanted to contribute to the group diagram. 
These facts corroborated the idea of defining private and 
shared windows. Verbal communication during the 
studies highlighted the importance of providing students 
with a communication channel, such as the chat facility. 
Problems with coordination and conflict of actions in the 
workspace motivated the addition of access control with 
the “pencil”. Other problems in students’ participation 
and attention to the contributions of others motivated the 
use of Opinion buttons and confirmed the potential utility 
of a coach to help students to collaborate. 
 
2.3. COLER’s Implementation 
 

COLER’s implementation is based on an architecture 
for intelligent collaborative learning systems [31] 
originally used for the implementation of the Belvedere 
software for collaborative critical inquiry [32]. Belvedere 
was selected to implement COLER primarily because it 
combines collaborative learning, coached apprenticeship 
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nd problem-based learning paradigms. COLER’s 
rchitecture is shown in Figure 3. The light objects 
dicate modules that are Belvedere extensions. The dark 

bjects are new modules. Applets are in charge of the 
ifferent functions of the system, such as chat, floor 
ontrol, voting, private and shared ER modeling. 
OLER's applets as well as the personal coach 
ommunicate with an mSQL database server via a JDBC 
Object Request Broker." This broker also informs the 
onnection Manager of user changes. The Connection 
anager is a process on the server that keeps track of the 

lients using any diagram. It informs other clients via 
eir Listener sockets of the changes to their diagram for 

what you see is what I see” updating of the shared 
orkspace, chat window, and opinion and team panels. 
Each student’s client contains a personal coach. This 

ersonal coach is a Java thread that monitors 
articipation, identifies and evaluates differences between 
iagrams and encourages students to discuss them.  

. COLER's Coach 

According to Collins, Brown & Holum [10], coaching 
 a technique in which the instructor observes students 
nd provides hints, help and feedback while they try to 
omplete a task. Since students often miss learning 
pportunities and get stuck on a certain level of 
roficiency, a coach can make students aware of further 
ossibilities, provide unobtrusive assistance and create 
otential learning experiences that will improve 
dividual’s development. COLER’s coach is a 

edagogical agent to facilitate collaboration. It does not 
tor Entity Relationship modeling, but encourages 

tudents to discuss and participate during collaborative 
roblem solving. The coach is implemented as a personal 
ssistant for each student.  
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Figure 3. COLER's architecture 
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Figure 5. Communication between COLER coach Modules 

 

3.1. Coach’s Advice 
 

The coach’s goal is to promote group-learning 
interactions and maintain balanced participation. The 
coach helps to prevent missed opportunities for 
collaborative learning [3] by monitoring students’ 
participation and recognizing differences between 
students’ individual and group solutions. When relevant 
opportunities for learning are found, the coach tries to 
guide students to practice collaborative skills. COLER's 
advice is expressed as suggestions or questions, so 
students should feel free to follow the advice or discard it 
when they believe it to be inappropriate. Advice types and 
categories were defined based on the collaborative 
learning literature and Wizard of Oz studies in which the 
human expert coached through the chat interface: see 
[11]. The present version of COLER includes seven 
advice categories. The first two categories, Discussion (in 
chat) and Participation (in the group workspace), are the 
main categories related to coaching collaboration. 
Feedback messages are related to student’s pressing of 
COLER opinion buttons. The ER Modeling category 
includes suggestions related to some common errors in 
the domain. The Self-Reflection category consists of 
suggestions to think about a problem or situation. COLER 
also uses welcoming and goodbye messages. Types of 
advice were defined and classified within these categories. 
 
3.2. Coach's Architecture 
 

The current version of the personal coach is 
implemented as a local component of the COLER 
application. The coach relies completely on information 
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hat is local to the application. There is no direct 
ommunication between different students’ personal 
oaching agents, although group parameters are accessible 
hrough the local copy of the shared workspace. The 
oach involves different modules, each implemented as a 
ava thread. The types of messages they use in the 
ommunication are presented in Figure 5. The expertise 
ontributed by each module is summarized below.  

The Diagram Analyzer recognizes some common 
rrors in the group ER diagram based on their structural 
nd categorical characteristics. Detection of these 
roblems was included to see how they could be used to 
ncourage students’ participation.  

The Difference Recognizer detects opportunities for 
tudents to collaborate by finding significant differences 
etween individual and group ER diagrams. COLER 
ainly recognizes differences by identifying a number of 

ignificant syntactic dissimilarities between individual 
nd group ER diagrams. A weight was assigned to each 
ifference depending on its impact, and is used to decide 
hen to give advice. A glossary of terms based on the 

ignificant nouns mentioned in the problem description is 
sed to enable difference detection. The Difference 
ecognizer undertakes subgraph matching between the 
rivate and group ER diagrams for the purpose of 
dentifying differences. Matching can either find 
ifferences specifically related to the currently added 
bject (e.g. missing entity, extra attribute), or find all 
extra work” that the student can contribute to the group. 

The Participation Monitor attends to the activity in the 
roup diagram. It detects time-triggered events, such as 
nactivity in the group area or the coached student having 
he control of the group area (pencil) for a long time. 
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Group diagram events, such as addition of an object, are 
also detected so it can monitor whether each student is 
participating too much or too little. 

The Diagram Analyzer, Difference Recognizer and 
Participation Monitor communicate their results to the 
Collaboration Supervisor via a shared memory. The 
Collaboration Supervisor maintains an internal model of 
the environment which includes the current group and 
individual diagrams, “the coached student” and team 
members’ levels of participation, advice types, advice 
patterns and advice history, current received and given 
feedback, session phase and session start time. The 
Collaboration Supervisor operates in two phases: Advice 
Generation and Advice Selection, described in greater 
detail below.  

 
3.3. Generating Advice 
 
The Advice Generation phase of the Collaboration 
Supervisor module uses event-driven reasoning. Given an 
event, the Collaboration Supervisor identifies the event 
type, analyzes the situation and then decides what kinds 
of advice to give. Three main types of events are attended: 
(a) Time-triggered events, such as inactivity in the group 
diagram (b) Group and individual diagram events, for 
example, the addition, change or removal of an object, 
and (c) Voting events, such as the receiving and giving of 
feedback. An AND/OR decision tree is associated with 
each event type. This tree generates different advice types 
given an event type. Every branch of the tree represents a 
possible set of suggested advice. Several suggestions 
might be generated for any given event because several 
leaves may be reached at once via the “and” arc of the 
tree. Also, many of the leaves of each tree generate 
multiple advice, and trees for different events may be 
invoked at the same time.  
 
3.4. Selecting Advice 

 
Advice Selection is the second phase of the 

Collaboration Supervisor Module. Advice selection is 
sensitive to the relative importance of different forms of 
advice and to the context of the advice (problem solving 
and advice giving history). Six control strategies were 
specified to control selection and timing of advice: 
Preferences, Collaborative Session Phases, Discussion 
Encouragement Intensity, Participation Balance, Time on 
Task and Waiting for Feedback. Most of these strategies, 
except the first one, are employed to filter advice during 
the generation process: see [11]. Three kinds of 
preferences were defined: New Advice (don't repeat 
advice type during the session), Many Instances (prefer 
advice of a type that applies more than once) and 
Category preferences (e.g. prefer Discussion, 
Participation, or Feedback advice). The preferences in use 
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n change during the group session according to the 
oup’s performance or the current Collaborative Session 

hase. The advice selection process involves two steps. 
irst, select an advice pattern from the advice types 
nerated by each one of the leaves. Second, select an 
vice from the resultant advice set using a preference-
sed sort algorithm [30] to choose between multiple 
vice instances. From the sorted list, the coach gives the 
ore preferred advice. The others are stored in a list to be 
ven on demand. 

. Evaluation 

The evaluation reported here assesses the quality of 
vice generation and selection algorithms, the 
ntributions of knowledge sources in the generation of 
asonable advice and student’s opinions of COLER.  

 
.1. Summary of Method and Procedure 

 
This laboratory evaluation of COLER involved 

rticipants who had taken or were taking a database 
urse. Our domain expert, a computer science professor, 
as also present in two sessions. Five sessions were 
nducted to generate data and scenarios for the different 
pes of evaluations. In each of these sessions, three 
udents were presented with a simple database design 
oblem. They first solved the problem individually, and 
en convened to construct a group solution. Students and 
ach activities were recorded in a log file. The two 
ssions in which the Expert was present were used for 
eliminary evaluation, detecting some problems in 
OLER's user interface and coach algorithms. The last 
ree sessions, in which the expert was not present, were 
ed to evaluate COLER’s algorithms and the quality of 

s advice, as described below. For each student of each of 
e last three sessions, two documents were generated for 
e Expert’s Evaluation: the Environment Document and 
e Advice Document. Both documents describe the 
ronological sequence of events of the collaborative 
ssion in reference to a specific student, and the context 
 each event (current state of the environment). The 
pert reviewed each event and indicated what advice (if 
y) he would give in response to that event. He also rank 
dered the advice types available to COLER and 
tegorized them as “Worth Saying”, “So-So,” and “Not 
orth Saying.” All of this was done without knowledge 
 the advice that COLER gave.  

 
.2. Results 

Advice generated by COLER included 34 
articipation, 23 discussion, 6 Self-Reflection and 
iscrepancy, and 9 Feedback advice. Our evaluation of 
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this advice and various aspects of its generation and 
selection follow below.  

The overall knowledge available to COLER was 
evaluated by comparing expert and COLER advice for 
each situation, with 67% of the advice given by the expert 
not given by the coach. Thus, as expected the expert has a 
greater repertoire of advice, although COLER's limited 
knowledge sources produced the same advice as the 
expert in 33% of the situations. The distribution of the 
missing advice is: 69% would require new advice types 
and new branches in the AND/OR decision tree (New), 
21% involved situations already considered in the 
AND/OR tree but requiring that new advice types be 
attached to them (Considered), and 10% involved advice 
that COLER could give with minor adjustments to 
parameters (Parametric). According to the results, some 
existing advice types need to be extended to mention a 
specific context. The findings also suggested situations in 
which a new “Self-Reflection” advice type could be 
given. The expert also suggested social interactions such 
as thanking the student for listening to advice, and 
otherwise commenting on student actions. However, these 
kinds of messages are not closely related to the main 
objective of the coach. Rather the coach is trying to assist 
students by helping them to visualize differences and 
encouraging them to leverage learning opportunities 
provided by the online group. 

Advice quality was evaluated by using the expert's 
classification of the advice available to COLER into 
“Worth saying,” “So-So” and “Not Worth Saying.” 
Results showed that 73% of the advice generated by 
COLER was worth saying, 7% was “so-so” and 20% was 
not worth saying. Some reasons for “Not Worth Saying” 
advice are change in conditions making the advice 
obsolete and failure to match entities due to spelling 
errors and unidentified synonyms. These problems can be 
addressed by checking conditions before giving computed 
advice and by improving the lexical knowledge of the 
system, respectively.  

The Advice Selection module was evaluated by 
analyzing events in which (1) several candidate advice 
with different rankings exist, and (2) some advice was 
suggested by the Expert. To evaluate the selection 
algorithm independently of the generation algorithm, a 
ranking of the candidate advice generated by COLER for 
each situation was computed based on the Expert ranking 
of all advice with respect to that situation. Selection 
among several advice types was needed only a few times 
in this study. There were 2.33 average selections per 
session, each selecting between an average of 4.78 
generated advice items. The Euclidian distance obtained 
was 0.9, i.e., less than one disagreement in ranking per 
selection event. This seems adequate although leaving 
room for minor improvements.  
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The contribution of knowledge sources to the 
eneration of advice was evaluated by "ablating" COLER 
nalytically, i.e., identifying the advice that relied on the 
nowledge source and hence would be lost if the 
nowledge source were removed. We focused on the 
dvice that the expert ranked as “Worth Giving.” This 
nalysis used the Environment and Advice documents to 
dentify the situations in which COLER gave advice and 
he rank the Expert assigned to this advice, and the 
ND/OR trees to identify the type of knowledge used in 

ach situation. The contribution of knowledge sources to 
eneration of advice judged by the expert to be 
orthwhile as follows: Tracking voting and feedback 

imeout (49%), Participation balance (48%), Significant 
ifferences and problem glossary (41%), Time on task 
40%), Chat tracking (37%), Discussion encouragement 
ntensity parameters (29%), Category and sort preferences 
22%), Pencil tracking (14%) and Problems in ER 
iagrams quality (2%). Some knowledge sources were 
sed to generate different categories of advice (hence the 
ercentages reported above sum to greater than 100) while 
thers were more marginal and only were used in a 
pecific advice category. The generation of worthwhile 
dvice often required the conjunction of several types of 
nowledge (e.g. Significant Differences and Problem 
lossary, Participation Balance) and confirmed the 
ypothesis that knowledge on problem solving activity 
ould be used to generate reasonable collaboration advice. 
he knowledge about problems in quality of ER diagrams 
as used very little in this study since the coach’s primary 
oal is promote discussion and participation instead of 
eaching ER modeling. 

A questionnaire was designed for students’ evaluation 
f COLER’s behavior. These questionnaires were 
dministered after the collaborative problem-solving 
hase. Students indicated that COLER did help them to 
ollaborate. They mentioned that the chat is an important 
ool for communication and that giving an opinion (OK, 
OT, ?) when an object was added motivates them to 

each agreement before moving on. However, they also 
ecommend various improvements, such as making the 
ystem faster, having the facility to comment about an 
bject different to the last one added, sending chat 
essages by pressing ENTER, including colors in chat, 
aking the work areas bigger and including some 

ommon buttons and commands used in other 
pplications. General comments about the system indicate 
hat students enjoyed collaborating through COLER’s 
nterface and this is a good way to practice collaboration.  

. Contributions and Future Work 

This work contributes to a research agenda that seeks 
o characterize the knowledge needed to facilitate 
ollaborative learning processes. The present focus has 
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been on determining how much leverage can be obtained 
by a basic ability to detect semantically interesting 
differences between representations of two problem 
solutions, together with simple tracking of individuals’ 
levels of participation (e.g. contributions in the shared 
Workspace) and feedback given (e.g. opinion buttons). 
The study showed that reasonable collaboration advice 
can be generated without the need for expert solutions or 
discourse understanding, although the addition of these 
knowledge sources would improve the quality and range 
of advice generated and selected by the system (at the cost 
of additional knowledge engineering and system 
complexity). Results indicate that COLER is a viable 
advisor, albeit different in style from our expert.  

One limitation of this research is that only one expert 
evaluated the system. Testing the approach in other 
problem domains would also strengthen the generality of 
the conclusions. Although COLER is presently limited to 
Entity Relationship (ER) modeling, its long-term goal is 
to support other domains in which problem solutions can 
be expressed in structured representations that can be 
compared to identify significant differences, such as finite 
automata modeling, object oriented modeling and systems 
dynamics. The following process would be required to 
apply the coach’s design to other areas: (1) identifying 
how diagram objects can be compared (e.g. lexical units 
in finite automata), (2) identifying the significant 
differences in the domain (e.g. missing link, extra link, 
missing a node, extra node), (3) modifying the Difference 
Recognizer accordingly, (4) adjusting the differences’ 
weights according to their relevance, (5) reviewing 
participation and discussion parameter settings and (6) 
adjusting minor portions of the Advice Generator. Several 
of the coach’s modules can be reused.   

In this work, a personal assistant in each client viewed 
a given student’s private workspace and the shared 
workspace in order to help prevent missed opportunities 
for collaborative learning. Future work may investigate a 
single global coach endowed with the ability to inspect all 
students’ private workspaces as well as the shared 
workspace. Such a coach would be able to identify 
conflicts between solutions in private workspaces and 
encourage the students to share the relevant part of their 
solutions, thereby creating conflict opportunities for 
collaborative learning. Little additional knowledge 
engineering would be required.  

 
5.1. Implications for Next Generation Learning 
Platforms 

 
As online learning grows in popularity, the need to 

monitor both group interaction and individual work will 
increase. This monitoring could be difficult for a human 
facilitator, especially given that large numbers of students 
may be interacting at many different times of day. 
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herefore, our demonstration that reasonable guidance 
an be generated by basic monitoring of participation and 
dividual and group workspaces has significant practical 

pplications for augmenting human coaching in the 
arning platforms of the future. We expect that the 
chniques demonstrated in this paper should generalize to 

ny learning applications that require students to generate 
nd compare structured problem solutions.  

In addition to the automated coaching facility, COLER 
emonstrates several integrated design elements that 
acilitate remote collaboration and to promote students’ 
articipation and discussion of discrepancies. We believe 
at new architectures for learning should provide similar 

lements to enable efficient collaboration and learning 
acilitation. These design elements include the chat 
acility, the shared workspace with a floor control policy 
e.g. pencil), and the simultaneous presence of an 
dividual workspace so that students can perceive 

ifferences between their own solution and the group’s 
olution. The mandatory use of buttons OK, NOT and ? 
volves students in the collaborative task and motivates 
em to participate and express their opinion. COLER’s 
terface allows the professor to interact with students 

uring the collaboration process either at the same time or 
t a different time than a software coach.  

This design stands in contrast to many commercial 
ourse managements systems, where discussion tools 
whether chat or threaded discussion), whiteboards, and 
reas for posting student work are not well integrated, and 
ay not even be viewable together, presenting an 
pediment to effective collaboration. Structuring of 

ollaborative interactions (e.g., the Opinion buttons) and 
oaching of the same are both entirely absent from 
ommercial environments.  

Yet COLER is far from sufficient in itself. Many 
provements and additional elements should be included 

 a complete learning platform. We will only attempt to 
ention some that are directly related to collaboration and 
 coaching of collaboration.  
In this work we focused on demonstrating the value of 

acking the contents and activity in private and shared 
orkspaces. Other knowledge sources are available and 

ould improve the quality of coaching if properly 
mployed. Extensions that use models of discourse and 
atural language understanding to track the extent to 
hich students are discussing and resolving differences in 
e chat medium can be envisioned. A greater investment 
 domain-specific knowledge would enable the coach to 

ompare student solutions to expert solutions in order to 
a) guide advice selection (e.g., encourage students to 
hare solutions that are correct), and (b) comment directly 
n the correctness of solutions in the manner of traditional 
telligent tutoring systems or Web-based adaptive 

ystems, such as the ELM-ART Lisp tutor [36] or the 
erman tutor presented by Heift & Nicholson [17].  
/03 $17.00 (C) 2003 IEEE 8



 

Proceedings of the 36th Hawaii International Conference on System Sciences - 2003
COLER could be extended to include a model of 
specific roles, enforcing roles with the interface, and 
coaching these roles [8]. With or without roles, visual 
indicators of each teammate’s behavior (e.g., relative 
levels of participation) in the student and professor’s 
interfaces could help students evaluate how well they are 
collaborating and the professor to evaluate group 
interaction. 

We noted that the statement of the problem (as well as 
the group workspace) is often referenced by students in 
their discussions. Students would also benefit from being 
able to view and discuss different representations of the 
problem solution. For instance, the relational model 
(tables) could be displayed and manipulated in addition to 
the ER diagrams. These are examples of how learning 
discourse is often artifact-centered, a fact that has 
implications for the design of online learning platforms. 
Stronger integration between the discourse medium (e.g., 
chat) and other representations is needed to support 
deictic references, improve the coherence of discourse, 
and encourage convergence on solutions ([33], [34]).  

In general, we see a trend in learning technology 
research and development towards providing learning 
environments that integrate multiple functionalities, such 
as tools for argumentation and discourse with modeling 
and simulation tools and intelligent coaches [22], in a 
manner driven by an understanding of the multi-faceted 
needs of learners.  
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