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1. Introduction  
The ability of human tutors to adapt to the needs of individual 
learners has been associated with large gains in learning 
effectiveness�[1]. We believe that aspects of this ability can be 
incorporated into on-line learning environments that adapt 
learning materials and activities for individual learners as needed. 
The ability to generate individual learning paths through a world-
wide semantic web of learning objects is a vision that needs to be 
realized through incremental research on the key problems of 
learner motivation, goals, and ability to communicate learning 
needs, dynamic hypermedia coherence and effects on 
comprehension, and integrated information retrieval, semantic 
web, and learning object technologies.  

In a practical sense, there is a great need to “mass customize”  
educational, training, and other materials to respond to the 
changing and immediate need of learners.  In a corporate context, 
there are many examples:  

New Organizational Context: After a merger, incoming 
managers must be trained on the new company’s policies and 
employees  often need more specific information after a general 
on-boarding training session  (Human Resources) 

New Situation or  Problem: A cancer patient has a unique 
combination of symptoms and several possible treatments and 
wants  introduction (Medical)  

Information Integration: An owner of a gas station wants to sell 
oil to local businesses, but needs to learn how the products are 
related. (Petroleum) 

Skill Composition: Consultants for a new project in China need 
to learn the procedures for multiple software products that are 
“supposed”  to work together. (Information Technology) 

Multiple Perspectives: The airlines, customs, and law 
enforcement offer different perspectives on airline safety 
procedures (Security) 

Time/Scope L imitations: A busy executive only has a few 
minutes to learn about something on the frontiers of his or her 
knowledge. (Business) 

Personal Interests: A customer at a financial institution wants to 
learn about the risks and rewards of investments. (Finance) 

How can we address these kinds of mass customization needs in 
on-line learning environments? We distinguish four ways that this 
kind of mass customization could be enabled through a learning 
environment or system �[2]:  

1. Collaborative  - The system interacts with the learners 
to understand their needs and produces exactly the 
learning object or service they want.  

2. Adaptive  - The learner customizes the learning object 
or service as desired using customizing features built 
into the learning object or service itself.  

3. Cosmetic  - The appearance, function, or content of the 
learning object or service is changed to make it more 
personalized to the learner.  

4. Transparent - The system observes the learner’s needs 
over time and transparently customizes the learning 
experience to fit those needs.  

While all of these mass customization techniques are applicable to 
on-line learning systems, we will focus primarily on 
“collaborative”  customization. The import aspect of collaborative 
customization is to improve the “up front”  communication of 
learning needs between the system and the learner, and to build in 
the necessary capabilities for a system to understand those needs 
and address them as much as possible when producing the 
learning experience. The learning experience can take the form of 
a chat session, simulation, on-line course, interactive performance 
aid, or many other forms; the important thing is that the system 
interacts with the learners to understand their needs and produce 
the desired content, structure, linking, appearance, and function. 
Collaborative adaptation is particularly useful when the range of 
possibilities is large and the learner may not understand the range 
of choices directly. Instead, the learner provides a topic, 
preferences, constraints, or other parameters that the system can 
then use to shape the resulting learning experience to maximize 
the fit to the learner’s needs.  

This paper describes a system that implements a specific kind of 
collaborative adaptation we call “Dynamic Assembly” . Dynamic 
Assembly creates custom courses for each individual learner “on 
the fly”  by retrieving and organizing learning objects into 
dynamic learning experiences (DLEs) (e.g., courses). Learning 
objects are aggregations of related media resources that can be 



developed relatively independently from one another, made 
accessible on the World-Wide Web or through a large content 
repository, and reused or repurposed across courses, disciplines, 
and institutions. Today, the process of assembling learning objects 
into web-based course is a costly and time-consuming manual 
effort on the part of instructional designers.. The ability to 
decouple the processes of creating useful units of instruction from 
the processes of combining these units into customized course 
offerings has the dual benefits of improving overall quality of 
course offerings while at the same time reducing the costs of 
developing custom courses. Assembling the learning experience 
dynamically allows the system to take into account  parameters 
that are available only when a learning session starts, such as the 
learners’  topic query, desired level of detail, and the amount of 
time they have available to learn. We have developed a software 
component, the Dynamic Assembly Engine, to assemble 
standards-based learning object content into courses. These 
courses can then be exported to Leanring Management Systems 
for delivery and learner tracking. The Dynamic Assembly Engine 
is a component of  the Custom Course System, a web-based e-
learning system we have deployed within IBM on a pilot basis for 
employee training on a range of information technology topics   

2. System  
We developed the Custom Course System over a period of two 
years at IBM Research( �[4]�[5]) and  have made it available for 
four months, 24 hours a day,  seven days a week, on a trial basis. 
Employees working in IBM’s information technology services 
businesses have been able to access the system from three 
different web sites to learn about the WebSphere product �[8] and 
related technologies. The system has had hundreds of users from 
around the world. In our research we have performed 
collaborative, iterative, user-centered design, early prototyping, 
and user surveys �[4] as well as in-depth interviews �[5]. The 
system implements a simple collaborative customization user 
interaction that effectively transitions from a specification of 
learning need to the resulting individualized course of study, 
while allowing the user to continue to do both adaptive (e.g., 
learning object selection and reordering) and cosmetic (e.g., 
editing of the title or other metadata) customizations on the 
resulting dynamically-generated sequence of learning objects. 
This combination of graphical user interface features allows the 
learners to quickly produce a custom course that approximately 
meets their learning needs within the parameters offered by the 
system.  

Users login to the system to a Home page that provides hyperlinks 
to the Course assembly page and the My courses page. On the 
Course assembly page (see Figure 1) users enter topic keywords 
(e.g., ‘wsdl’ ), optional desired course duration, and an optional 
Search Scope (“ indepth: or “overview”) and then press the 
“Assemble”  button (or select the Assemble course menu entry) to 
create a custom course. Course duration ranges start with “1 to 2 
minutes”  and go up to “90 to 120 minutes” . A Search Scope of 
“overview” explores related topics, while a Search Scope of 
“ indepth”  focuses primarily on a single topic. Advanced query 
options allow users to restrict the search  in other ways, such as by 
particular resource types or levels of difficulty. A Manual 
assembly option allows users to search for and select individual 
learning objects and then arrange them in a learning progression 
themselves. Users can additionally invoke the Dynamic Assembly 
Engine to recommend additional learning objects given a set of 
learner selections.  

 
Figure 1: The Course Assembly page 

The system returns with a Custom Course outline page that shows 
learning objects as a sequence of numbered “ lessons” . The 
transition to the word “ lesson”  is to reinforce the learning 
progression and the ideal that this is not a “hit list”  of search 
results but instead a customized sequence of learning materials or 
activities. Each lesson title is a hyperlink to launch the course in 
the Course Player starting at the given learning object. 
Alternatively, users can select the “Play course”  menu entry or 
“Play”  button (not shown) to start at the first learning object. To 
the right of each lesson title is the role of the learning object for 
instruction (e.g., “ Introduction”); and its associated topic (e.g., 
“Websphere”). If the user does not like the sequence offered by 
the Custom Course System, he or she can drag and drop lessons 
within the browser to reorder.  

 
Figure 2: Custom Course outline page 

Lessons listed in the custom course outline are sequenced 
according to a uniform policy. In this example, the custom course 
is first organized by topic and then within topics by instructional 
role. For example, “ Introduction to WSDL” has an instructional 
role of “ Introduction”  and is thus listed before the next two 
lessons, which are “Concepts” . Assembled courses are archived 
and stored in the learner’s personal course catalog. Metadata for 



custom courses can be modified by the learner. Custom courses 
may also be shared with other learners on a peer-to-peer basis or a 
mentor-to-apprentice basis.  More details on the system and 
algorithms can be found in �[9].  

3. Evaluation  
Our research team has partnered with IBM Global Services 
Learning to run 2 pilot studies to evaluate our approach. In 
addition, we are currently engaged in deploying the system to 
selected IBM business partners. The first pilot study exposed the 
system to 114 users from across IBM for one month�[4]. 
Approximately 80% of the users indicated that they were satisfied 
with the system and that it would enhance their knowledge and 
skills on the job. In addition, slightly over half of the group said 
they would prefer this method of learning over all other forms 
available to them, including classroom courses, on-line courses, 
books, and search engines. We found these results to be extremely 
positive. In second pilot study �[5]., the system was offered to all 
IBM employees during a 90-day test period. Employees from 25 
countries signed on to the system. Following the test period, we 
interviewed a focus group of eighteen field practitioners working 
with the IBM WebSphere products for one hour each People 
reported using system to prepare for a custom engagement, as a 
reference tool for performing work, as an advance organizer for 
study, and as a way to quickly learn a topic of interest. One user 
commented that the system was “ light years ahead of having to 
search everywhere to find pieces”  and another commented that it 
was the best system he had used for on-line learning. Based upon 
these results, we are investigating how to provide wider access to 
the benefits offered by the system.  

Our research team has also run one formal experiment to 
determine if the automatic information organization and user 
interaction techniques employed in the Custom Course system 
could result in improved outcomes compared to a typical search 
engine. Users with similar experience levels performed 
significantly better on a design task after using the Custom Course 
system as compared with the control group using a search engine, 
according to independent expert judgments of designs produced 
by the users. The results suggest that actively engaging users in 
building a learning sequence provides an effective personalized 
structure and path for integrating information. Using hypermedia 
in the form of these personalized learning sequences may improve 
comprehension by integrating new, complex information into the 
user’s existing mental schemas�[10]. Based on our studies, we 
believe that this approach could be useful for boosting 
performance on a range of tasks requiring time-constrained 
comprehension of new, complex information, particularly highly 
integrated information requiring comprehension, analysis, 
application, synthesis, or evaluation�[11] . 

4. Conclusion  
Learning is a complex process that unfolds over time in a unique 
way with each person. Given the complexities of developing 
adequate models of learners, we have taken a different approach: 
provide enough bandwidth for communication between the 
learning environment and the learners to enable the learners to 
communicate their needs and shape the learning process directly 
while at the same time providing adequate data back to them to 
inform their  self-management decisions at every level.  Our 
approach, “Dynamic Assembly” , empowers learners to generate 

their own learning paths from modular learning objects as needed.  
. 
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