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Abstract:  In many graduate and undergraduate courses, instructors attempt to go “beyond the 
textbook” by assigning research papers for the students to read and briefly summarize, in order to 
bring the students a more complete and state-of-the-art understanding of their field. Typically these 
summaries are not used after being graded. We claim that these summaries are an unexplored 
treasure of information that can provide an important connection between the core course content 
found in a textbook and more recent trends that can only be distilled from research literature. To 
provide all students access to this accumulated treasure of information, we have developed 
Collaborative Paper Exchange (CoPE) – a system that allows the student to submit their assigned 
summaries and browse those submitted by others. This paper presents the system and summarizes 
the results of the first classroom study of this system. 

 
 
1. Introduction 
 
In many graduate and undergraduate courses, instructors attempt to go “beyond the textbook” by assigning them 
research papers to read. To evaluate this work, the teachers frequently ask students to prepare brief summaries of the 
papers read. The summaries are graded to provide motivation for students and to evaluate their level of 
understanding. At the School of Information Sciences this approach has been used in several graduate courses for 
many years. Over the years, we have accumulated large stacks of graded student paper summaries that have been 
archived and left unused.  
 
The challenge that we are addressing in this paper concerns creating a better use of these summaries. Once written, a 
summary becomes an important secondary resource. Being the result of the hard work of one student, it presents the 
core issues of a specific paper using the terminology and viewpoint of students taking this specific course. Once 
shared among students taking this course, these summaries can provide an important connection between the core 
course content found in a textbook and more recent trends that can only be distilled from research literature. In other 
words, a good set of organized research paper summaries could help students understand the state-of-the-art in the 
course’s field. Reading a few selected research papers and writing summaries of them will give a student just a 
sample of this state-of-the-art. Using the accumulated work of other student’s could accelerate an individual 
student’s progress. 
 
Unfortunately, traditional E-Learning tools provide no support for the proper sharing of research paper summaries 
(Brusilovsky & Miller, 2001). Learning management systems such as Blackboard (Blackboard Inc., 2002) could 
automate the process of submitting a summary or delivering a grade, but they do not support the structured exchange 
of summaries. Encouraged by a group of faculty at our school, we attempted to develop a system that supports the 
process of the collaborative exchange of paper summaries. As of this writing, the first version of the system, named 
CoPE (Collaborative Paper Exchange), has been developed and evaluated in the context of a graduate course on 
Interactive Systems Design. Results show that the system achieved a range of its goals and provided valuable 
feedback for further development of the system. This paper presents the system and summarizes the results of the 
study. 
 
2. The CoPE Interface 
 
The window of CoPE consists of three frames: a navigation frame on the left, a content frame on the center and 
right, and a menu frame on top (Figure 1). The CoPE’s interface follows the ‘folder-document’ paradigm: the 
content is organized as a directory tree with documents stored in the tree nodes. Users browse papers and summaries 
by expanding/collapsing nodes of the directory tree and selecting documents. 



CoPE provides the following functionality to its users: 
·  add and edit research paper summaries; 
·  browse the summaries; 
·  index them following rubrics from a defined set; 
·  give feedback (grades) for a summary; 
·  review feedback for a summary. 

 
There are 3 user types and multiple user groups. The user types are: administrator, instructor, and student. There is 
only one user group for each of the administrator and instructor types. There can be multiple student groups. 
Depending on their type, users have different access rights to the system.  
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Figure 1 CoPE interface: Navigation tree on the left, contents of the folder on the right, and menu on the top. 
 

 

 
 

Figure 2 View (left) and add/edit paper (right) in CoPE. 



Users of type administrator have privileges to do any possible task. They can modify and view all of the 
information. In addition to the rights listed above, they can create folders, assign folders to instructors, and modify 
folder properties (name, submission quota). Administrators can also create new users and user groups, and assign 
student groups to instructors. Instructors have an intermediate access level. They can give grades for student paper 
summaries that are submitted to the folders assigned to them and also create subfolders and modify their properties. 
However, instructors cannot modify the body of the student’s submission, only the grade. Students can edit 
submissions of their own and view grades that were given for those submissions. 
 
All users can navigate through papers using the explorer-style left frame (Figure 1). By default, each paper summary 
is opened in view mode. Users can switch to edit mode if they submitted the paper or are an administrator of the 
CoPE system. To switch to edit mode one has to click on the ‘paper-and-pencil’ icon next to the paper title in the list 
of papers or by using the top menu. In addition to navigation using the folder hierarchy, papers can also be accessed 
by year of publication. This can be done in the folder list view (Figure 1 content frame), from a paper document 
view (Figure 2 left), or in a separate folder view: Browse� By Year� <year>. Navigation based on the author’s 
name and concepts-keywords (see Section 3 for details) associated with the paper are future features we plan to 
implement as soon as possible. 
 
When users add a new paper summary, they provide basic bibliographic information about the paper (such as title, 
list of authors, list of publication), plus they submit a URL of the paper (if such exists) so that it can be retrieved and 
reviewed (Figure 2). Paper summaries can either be entered using the supplied rich text editor or pasted from an MS 
Word or RTF file. Since the summary will be stored in HTML format, it can also be edited/ entered directly in 
HTML format. 
 
3. Indexing Papers in CoPE 
 
Indexing is one of the principal features of CoPE. In an academic setting, it is used in conjunction with the summary 
to demonstrate how well the student understands the gist of the paper, since indexing shows whether s/he can 
correctly identify the relationship of the paper to the chosen domain. According to the constructivism paradigm, 
learning is considered to be the process of actively building the concept structure of the domain. When a student 
reads a paper it is important for her/him not only to verbalize the summary of the paper, but also to define the main 
topics the paper is about. A paper is considered a source, from which a student extracts concepts describing 
knowledge being acquired. By asking students to index papers we motivate them to actively explore the set of 
available concepts, focus on specific ones and build the connections between concepts and the content of the paper. 
 
The pilot version of CoPE implemented traditional list-based indexing (Figure 3 left). This interface required users 
to select concepts relevant to the paper from an ordered list of available concepts and place them into a list of 
prerequisites – concepts necessary to be known to a person prior to reading the paper or a list of outcomes – 
concepts that the paper is defining, extending or actively using in some other way. Preliminary user evaluation has 
shown that list interface is too simplistic and a more elaborate interface is necessary. 
 
An alternative to the flat-list concept organization is a hierarchy of concepts, where students can navigate in a more 
natural way using simple mouse clicking and dragging. Hierarchical structures represent an intuitive basis for 
creation of navigable hypermedia interfaces. The first step in this direction was done in 1995 by Gaines and Shaw 
when they created the WebMap – a system which integrates concept maps with websites (Gaines and Shaw, 1995). 
We have been exploring the possibility of using hierarchies along with the flat lists of concepts in order to index 
intelligent content (Brusilovsky et al, 2005). In the case of CoPE, we want to find out which of these two interfaces 
is more desirable for users and more efficient for indexing; therefore we use them separately. To represent the 
domain hierarchy we have developed the HCI ontology (see Fig. 3 right). 
 
The design principles guiding manual ontology development depend very much on the intended goal of this 
ontology and the role it will play in the information system. Taking into account the intention to use the developed 
ontology not as a knowledge base component, but rather as a cognitive tool for manual information search and 
navigation, our designs were influenced by the principle of "good shape" (Gavrilova et al., 1999). We tried, where 
possible to preserve the balance of ontology and to avoide large branching factors of the links, cross-links, and 
relations of multiple types. The set of leave-concepts of the ontology is based mainly on several HCI glossaries 
available on-line (http://www.meanswhat.com/weblog/glossary.html; http://www.usabilitysa.co.za/hcigloss.htm; 



http://www.usabilitysa.co.za/hcigloss.htm). The meta-concepts of these higher levels reflect our view on the 
structure of the domain and its main areas of knowledge. 
 
For ontology visualization we use the hypergraph software (HyperGraph, 2005), which provides an open source, 
easily-tunable platform for manipulating hyperbolic trees (Lamping et all, 1995). A number of research and practical 
projects are conducted currently on developing different types of tools for the visualization of large concept 
structures (Uther and Kay, 2003; Ziegler et al. 2002). Hyperbolic trees allow one to shift the focus away from 
unnecessary information while preserving the entire structure of the tree (or its sufficient part) on the screen. Since, 
our choice of ontology type is a simple hierarchy, tree structure is the best choice for representing the relationships 
of the domain concepts and organizing them into helpful navigational components. 
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Figure 3 Indexing in CoPE. Left – list-based interface (abandoned), right – hierarchy-based interface 
 
To browse the hierarchy, users have to drag the nodes or click on the edges between the nodes. Clicking on the 
nodes toggles the selection of the underlying concepts. To simplify the search for the terms already selected users 
can click on the concept name in the ‘selected concepts’ area below the tree. That will center the tree on that term. 
To remove a selected concept, the user has to click on the ‘X’ next to the selected concept. 
 
4. Evaluation 
 
A classroom evaluation of CoPE was performed during the Spring 2005 semester in an Interactive Systems Design 
class. There were 20 students registered for this course. All of the students had to submit 2 paper summaries and 
indexing for the papers as class assignments. The topic of the first paper was required to address research related to 
ubiquitous and mobile computing. The second paper was required to address research related to human computer 
interaction. The first paper had to be indexed using the list interface. The concepts glossary for the list interface was 
borrowed from an online dictionaries (HCI Glossary, 2000), by Hugo. Students had access to these dictionaries and 
could retrieve corresponding concept definitions. The second paper had to be indexed using the hierarchy interface. 
The concept ontology for it was developed by the authors of this paper. Students did not have access to concept 
definitions. 



At the end of the semester, subjective student feedback was collected in the form of answers to a non-mandatory 
questionnaire. Out of 20 students 14 submitted their questionnaires. Most questions in the questionnaire were liker-
style rating questions. In addition, students had the opportunity to express their opinions in free form. Each question 
contained space for “additional comments” and at the end of the questionnaire, a section for “additional comments” 
regarding the system in general was also included. The questionnaire was composed of 11 questions. Part of the data 
from submitted questionnaires is shown in Figure 4. As Figure 4 shows, the users believe there is a need for such a 
system (over 90% of students are positive and strongly positive about that) and that it is convenient to use in general 
(about 80% of students are positive and strongly positive about that). 100% and 85% of students respectively were 
positive and strongly positive that adding and browsing summaries is easy. Although in the current version there is 
no navigation logging, students did report that they were browsing through the summaries submitted by their peers. 
10 out of 14 students reviewed works of others, including 4 out of 14 that reviewed many of those. 
 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

N
ee

d 
fo

r 
th

e 
sy

st
em

C
on

ve
ni

en
ce

 o
f u

se

E
as

e 
of

 a
dd

in
g 

su
m

m
ar

ie
s

E
as

e 
of

 li
st

 in
de

xi
ng

E
as

e 
of

 h
ie

ra
rc

hy
 in

de
xi

ng

C
on

ve
ni

en
ce

 o
f l

im
ite

d 
vi

ew
 in

hi
er

ar
ch

ic
al

 in
de

xi
ng

N
ee

d 
fo

r 
de

fin
iti

on
s 

in
 h

ie
ra

rc
hi

ca
l

in
de

xi
ng

E
as

e 
of

 b
ro

w
si

ng
 th

e 
su

m
m

ar
ie

s

In
te

rf
ac

e 
qu

al
ity

Strongly negative

Negative

No opinion

Positive

Strongly Positive

 
 

Figure 4. Subjective student evaluation of different features of CoPE 
 
A significant portion of the questionnaire was related to the procedure of indexing papers with concepts. As 
mentioned before, two methods of indexing were introduced: list based and hierarchy based. Almost two thirds of 
the students who submitted questionnaires preferred the hierarchy-based indexing (9/14), while the rest preferred the 
list-based interface (5/14). The ease of indexing in general however was more controversial. Only 50% of students 
were positively convinced that the indexing (regardless of the interface) was easy. About 20% of students had no 
opinion about it and about 27% were negative or strongly negative.  
 
Further analysis of students’ feedback, including the freeform answers, led us to conclude that negative attitudes 
towards indexing should be attributed to the following: First, both the indexing interfaces did not have any search 
features incorporated and selecting the necessary concept from a list or a tree of a rather small size (the list interface 
encompassed merely 302 concepts; the tree interface, 252) was a challenge even if the user knew what concept s/he 
wanted to pick. Second, both interfaces lacked immediately accessible definitions for terms. Students were able to 
access definitions for concepts used in the list interface but only outside CoPE. Concepts used in the tree interface 
had no definitions available. As a result, the majority of students (78%) expressed the need for adding definitions to 
the indexing interfaces. 
 



5. Similar Works 
 
There are two clusters of systems that CoPE can be viewed as a descendant of. First, CoPE is similar to Wikipedia 
and numerous forums. However there are several principal features that distinguish CoPE from them. 

·  CoPE is oriented toward creating multiple communities of collaborators who build knowledge spaces that 
can be shared both within and between communities. 

·  In addition to a hierarchical structure CoPE offers an ontological organization of resources that can be cross 
referenced and navigated based in that ontology. Such ontology can be also shared, in turn. In forums and 
in Wikipedia, the structuring is simplified and cross referencing is rather complicated. 

·  CoPE opens up the opportunity for the browsing of adaptive resources, which has yet to be explored by the 
authors. 

 
Second, our system lies on the crossroads of E-Learning and the area of computer supported collaborative learning 
(CSCL). As in other systems in the CSCL field, it attempts to help students by allowing them to collaborate 
(explicitly or implicitly) with other students. While we were unable to find any references to systems that focus on 
paper summary exchange, there is at least one group of systems that is close to CoPE in both their overall goal and 
implementation. This group of systems could be called “collaborative resource discovery” tools. Typical systems 
within this group allow students to submit and rate useful educational resources (Miyahara & Okamoto, 1997; 
Recker, Walker & Lawless, 2003). Most advanced systems of this group – such as CoFIND (Dron, Boyne & 
Mitchell, 2001; Dron et al., 2000) are drawing even closer to CoPE by asking students to write a brief feedback 
about a resource and to classify it, using several categories. While these systems are still quite different from CoPE, 
the similarity is strong enough for us to learn from the experience of collaborative resource discovery tools. In 
particular, we intend to implement some features used in CoFIND in future versions of CoPE. 
 
6. Summary and Future Work 
 
The feedback from students, who used CoPE, provided both formally and informally, convinced us that CoPE has 
potential as a classroom tool. We plan to continue to use it as not only as an instrument for creating shared 
conceptualization but also to extend its capabilities to improve users’ experience with it. 
 
In the future, we plan to tune our existing interface as well as to introduce new features, such as the ability to: 

·  browse paper summaries not only via folder hierarchy (using paper as a first order object), but also by using 
author and ontology concepts as the first order object; 

·  search for paper summaries by title, authors, year, indexing concepts, etc; 
·  search for part-of-the-word concepts in the indexing interface; 
·  vote for submissions – this feature was suggested by a few students and the authors think it will give 

additional value to the system in general as well as being a factor in motivating the students. 
 
Also, we plan to further investigate the usability of ontology-based hypermedia interfaces. In particular, one of the 
hypotheses for a future evaluation experiment would be to measure how much of the structural knowledge of the 
domain the student can learn while browsing the ontology. A number of techniques are available for assessing the 
structure and the weights of relations. Some of them, like word association and similarity ratings are described in 
(Jonassen, 1993). 
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