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Abstract

We describe a digital learning environment (DLE) organized around sets of concepts that represent a 
specific domain of knowledge. A prototype DLE developed by the Alexandria Project currently supports 
teaching at the University of California at Santa Barbara. Its distinguishing strength is an underlying 
abstract model of key aspects of any concept and its relationship to other concepts. Similar models of 
concepts are evolving simultaneously in a variety of disciplines. Our strongly-structured model (SSM) 
of concepts is based on the viewpoint that scientific concepts and their interrelationships provide the 
most powerful level of granularity with which to support effective access and use of knowledge in DLEs. 
The SSM integrates a taxonomy (or thesaurus), metadata (or attribute-value pairs), domain-specific 
mark-up languages, and specific models for learning scientific concepts. It is focused on attributes of 
concepts that include objective representations, operational semantics, use, and interrelationships to 
other concepts. The DLE integrates various semantic tools facilitating the creation, merging, and use 
of heterogeneous learning materials from distributed sources, as well as their access in terms of our 
SSM of concepts by both instructors and students. Evidence indicates that undergraduate instructional 
activities are enhanced with the use of such integrated semantic tools.
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INTRODUCTION

In this chapter we describe the design and imple-
mentation of a digital learning environment (DLE) 
that may be organized around sets of concepts 
selected by an instructor to represent a specific 
domain of knowledge. While such DLEs are 
applicable to the whole range of scientific and 
engineering disciplines, the operational DLE 
described in this chapter supports a core intro-
ductory course in physical geography that is cur-
rently being taught at the University of California, 
Santa Barbara (UCSB). This DLE was designed 
and implemented as part of UCSB’s Alexandria 
Digital Earth Project (ADEPT). The main goal of 
ADEPT has been the design, implementation, test-
ing, and application of DLEs that take advantage 
of digital library (DL) collections and services in 
the construction and use of learning materials, 
particularly for undergraduate classes (ADEPT, 
2003). A further goal for the development of the 
ADEPT DLE has been to foster the development 
of a student’s understanding of specific domains 
of knowledge by organizing and accessing a large 
array of learning materials drawn from the col-
lections of a DL. 

Digital Learning 
Environments (DLE) for 
Teaching Science 

The Rationale

A necessary condition for understanding any 
domain of science is that students possess suf-
ficient familiarity with the concepts, as well as 
with the interrelationships between concepts, that 
are employed in representing the phenomena of 
that domain. Many approaches to teaching and 
learning at the undergraduate level, however, 
typically present the concepts that are employed 
in representing the phenomena in ways that are 
implicit and relatively superficial.  

Traditional courses in physical geography, for 
example, typically confront students with large 
arrays of scientific concepts that are introduced 
sequentially in textbooks and usually “modeled” 
as lists of keyword terms at the end of chapters 
and/or described in terms of definitions given in 
glossaries at the end of the book. Students typically 
have significant problems in developing and using 
integrated cognitive representations of these con-
cepts, their interrelationships, and their applica-
tions to scientific understanding. Their confusion 
is well summarized in a common question about 
the keyword lists at the end of each chapter: “Do 
we have to remember all of the words in these 
lists?” In particular, this question indicates a lack 
of understanding of either the role that concepts 
play in the representation and organization of 
scientific knowledge or of the interrelationships 
between different concepts.

	 It is clear that students in traditional course 
environments are rarely presented with much of 
the information about concepts that is critical to 
an understanding of their role in representing 
scientific knowledge. Such information includes, 
for example, the discovery, the various syntactic 
representations, the semantics, the manipulation, 
and the interrelationships of concepts.  As a result, 
students too often emerge from a course of study 
with: (1) limited notions of the nature of concepts; 
(2) large, but poorly-structured, memorized sets 
of terms denoting concepts; (3) incompletely 
structured associations of relationships between 
concepts; and (4) partial knowledge of how to use 
concepts in creating representations of phenomena 
or how to create new concepts as the need arises 
in some domain of science.

In relation to learning, there is a growing 
consensus that science education should be an 
activity in which students learn to think like sci-
entists rather than solely memorize information. 
This strongly suggests the importance of students 
developing an understanding of scientific concepts 
and their role in the scientific approach, including 
their representation, creation, use, and evalua-
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