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Abstract. Scientific fields of study such as astrobiology, nanotechnology, and 
cave and karst science involve the study of images and associated biological, 
physiochemical, and geological data. In order to ensure interdisciplinary analy-
sis, it is important to make these kinds of datasets available for analysis and  
curation by the scientific community. The goal of this project is to design and 
develop an online workspace that enables scientists to collaboratively view, 
analyze, and annotate such datasets. The prototype contains scanning electron 
micrographs of karst and cave samples. The target users are the interdiscipli-
nary community of scientists who study karst samples to learn more about criti-
cal biological and geological processes and the microbial communities often 
found in karst terrain. The prototype can inform the design and development of 
collaborative workspaces in other interdisciplinary fields. 

1   Introduction 

Collaboration tools have been integral to eScience projects since 1989, when the Na-
tional Science Foundation in the US began using the phrase "collaboratory" to describe 
a virtual collaborative research center, or "a center without walls, in which the nation's 
researchers can perform their research without regard to geographical location." [1] As 
eScience has evolved, the nature of the collaborative work performed by scientists and 
their requirements for collaboration tools have evolved, as well. For example, recent 
reports by the National Science Foundation [2] and the National Science Board [3] de-
scribe three kinds of datasets: research, resource, and reference. The distinctions 
among the three relate to who publishes the datasets and who has access to them. Re-
search datasets are available to the immediate research group, resource datasets are 
available to a more extended community of researchers, and reference datasets are cu-
rated, archived, and available to the scientific community as a whole. In order to ensure 
that the appropriate datasets can be curated and archived by scientists, it is necessary to 
provide them with user-friendly tools for performing these tasks.  
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Karst science provides a particularly good context for designing, developing,  
and testing such tools. Karst terrain, which is characterized by caves, sinkholes, and 
underground drainage, occurs worldwide. As a consequence, karst science is con-
ducted in many countries including China, Korea, Russia, Slovenia, Romania, France, 
Italy, Britain, and the United States. The karst community and its knowledge base are 
globally distributed, highly interdisciplinary, and fragmented, and consist of both pro-
fessional scientists and amateur cavers. An online collaborative workspace that facili-
tates the timely analysis and annotation of karst datasets, as well as knowledge dis-
covery among diverse individuals, is needed. Such a workspace will supplement other 
efforts that have been made to promote better communication within the karst com-
munity, such as the Karst Information Portal [4, 5]. 

Karst is important for many reasons. The drinking water supply of about 1.6 billion 
people depends upon the health of karst terrains and aquifers. [6, 7, 8] Karst hosts re-
markable, but poorly understood, biodiversity and contains unique, rare, and endan-
gered species. [9, 10, 11, 12] Karst terrain is characterized by spectacular geology and 
significant archaeological and paleontological resources of scientific, aesthetic, cul-
tural, and economic value. [13] 

Karst is the least understood and most vulnerable type of terrestrial landscape. [14, 
15, 8] As more humans move into formerly unoccupied or lightly occupied karst 
lands, impacts on karst systems are intensifying, resulting in sinkhole collapses that 
sometimes swallow entire houses. Mitigation of geologic hazards in karst costs bil-
lions of dollars each year. Karst researchers need to collaboratively develop solutions 
to the environmental problems that threaten these terrains. 

In addition, a growing interest in geomicrobiological studies in caves is producing 
a collection of images that shed light on a variety of research problems. Scientists 
from different disciplines such as microbiology and earth sciences focus on different 
features when they analyze the same set of scanning electron micrographs. Research-
ers in one discipline or part of the world who see features in their samples need to be 
able to communicate their interpretations to researchers in another discipline or part 
of the world who may be seeing the same features but interpreting them differently. A 
record of the interdisciplinary analysis of these samples is important to increased un-
derstanding of karst. Moreover, metadata that integrates multidisciplinary terminol-
ogy is necessary to ensure that these datasets are accessible to the international, inter-
disciplinary community of karst scientists in the future. 

Since more than 40% of the world’s drinking water from groundwater is found in 
karst terrain, a collaborative woskspace that increases understanding of karst datasets 
is important in and of itself. Beyond this, however, the results of this work are appli-
cable to other fields with a rich tradition of image datasets, such as astrobiology and 
nanotechnology, and to other problems where scanning electron microscopy is a criti-
cal tool, such as contamination of medical devices. 

2   Design 

The design and development of the Karst Collaborative Workspace was guided by 
user requirements. These requirements were determined by a group of karst scien-
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tists and communicated to the group of information scientists responsible for de-
signing and developing the collaborative workspace. The design and development 
team included human-computer interaction researchers, developers, and profes-
sional librarians. 

User requirements were determined in several steps. First, the general workflow, 
including the kinds of tools and technologies necessary to support the workflow, was 
developed. Second, a general social-technical model that captures and supports the 
workflow was developed. Third, the general social-technical model was refined into a 
specific social-technical model. The prototype was developed on the basis of this 
model. Fourth, specific scenarios describing the kind of functionality scientists would 
like built into the system in the future were developed. 

2.1   General Workflow 

The general workflow can be described as follows. 
 

Image Capture and Storage. A researcher uses a scanning electron microscope to 
capture a high-resolution scanning electron micrograph image. He archives it for 
future reference by uploading the image to his institutional repository along with 
suitable metadata. He may include related digital objects such as audio files that 
contain discussions of distinguishing features of the image and additional files 
that capture information about the elemental composition of features within the 
image. 

The image is automatically assigned a unique identifier in the repository. A lower-
resolution version of the scanning electron micrograph is published in an RSS feed 
[16]. 
 

Collaborative Analysis and Annotation. The newly published image is stored in the 
image module of the collaborative workspace. Included in the feed are the image, 
metadata (including the unique identifier), and pointers to related digital objects. 

Another researcher working in the collaborative workspace learns by reading the 
feed that a new image with features of possible interest is available to examine. 
Within the image module of the collaborative workspace, she can compare the new 
image to other images and annotate or tag it. The image might form the basis for  
further discussion in the researcher's weblog or a collaboratively authored paper. 

Another researcher might bookmark, tag, and annotate a published paper that  
relates to the image in a social bookmarking tool. 

All references to the image include its unique identifier. By virtue of being dis-
cussed, annotated and tagged in various tools, the image is now associated with a rich 
set of annotations. 

A scientist with editing privileges in the collaborative workspace may determine 
that some of the annotations need to be archived. These annotations can be published 
as a feed and picked up for archiving in the repository housing the original archived 
image. This publishing cycle may be ongoing for the life of a specific research project 
or for many separate projects. 
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2.2   Social-Technical Model 

After determining the general workflow, the design and development team mapped 
the workflow to the features available in several open-source tools. 

The general social-technical model (Fig. 1) reflects several options in terms of user 
access, social software components, and institutional repository architectures. 
 

 

Fig. 1. The general social-technical model for the Karst Collaborative Workspace 

The specific social-technical model (Fig. 2) reflects design decisions regarding 
user access, social software components, and institutional repository architectures. 
This model guided the implementation of the prototype. 

Drupal is an open-source content management system that has been rated best-in-
class by the IBM Internet Technologies group. [17, 18] DSpace is an open-source 
digital object repository platform developed by the Massachusetts Institute of Tech-
nology and Hewlett-Packard. [19] Both are relatively easy to install and configure, 
and are widely used around the world. 

 

Fig. 2. The specific social-technical model for the Karst Collaborative Workspace 
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2.3   Future User Scenarios 

In order to ensure that the system will be useful to scientists as eScience continues to 
evolve, user requirements for future versions were developed. These requirements 
take the form of eight user scenarios, two of which are included below. They include 
specific tasks of importance to scientists. When implemented, they will ensure that 
the Karst Collaborative Workspace evolves from an environment in which to discuss 
images to an environment in which scientists can ask more complex questions by 
drawing upon associated datasets. 

Future Scenario 1. In this scenario, scientists will attempt to answer the following 
questions: Are the reticulated filaments found just in cave pool precipitates or also in 
other cave settings? Are they found just in limestone caves or in other types of caves? 
Are all reticulated filaments the same or are there variations? Have other groups 
found these morphologies? In order to answer these questions, scientists need to per-
form the following tasks: 
 
1. View a variety of images with this morphotype. 
2. Locate associated data: 
− The width and length of objects in images 
− The cave setting and type of cave 
− The location of reticulated filaments (outside or inside of the speleothem) 
− The mineralogical setting of the reticulated filaments 
3. Create a new dataset consisting of the images and the associated data. 
4. Run statistical tests on the data. 
5. Access contact information for scientists who have added images with similar mor-

photypes to the repository. 

Future Scenario 2. In this scenario, scientists will attempt to answer the following 
questions: Are ferromanganese deposits of different colors occurring in different geo-
logical/geochemical settings? Do the biological morphologies that occur with each 
color vary across colors? In order to answer these questions, scientists need to per-
form the following tasks: 
 
1. View a Compass map of a cave with many ferromanganese deposits such as 

Lechuguilla Cave. 
2. View a plot of where ferromanganese deposits occur and have been sampled. 
3. View images of biological morphologies that have been sampled from these ferro-

manganese deposits. 
4. Locate associated data: 
− The color of the ferromanganese deposits from which the biological forms came 
− Macroscopic images of the deposits in color 
− The chemistry of the ferromanganese deposits and their substrate 
− The mineralogical setting in which the ferromanganese deposits occur 
− The geological setting, such as maps of where reef and backreef occur in the cave 

relative to the ferromanganese deposits 
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5. Create a new dataset consisting of the biological morphologies found in ferroman-
ganese deposits and the associated mineralogical setting data. 

6. Run statistical tests on the dataset. 
7. Plot different geochemical trends on a map to give geographical information (both 

horizontal and vertical depth information). 
8. Access contact information for scientists who have added images or data about fer-

romanganese deposits to the repository. 

3   Development 

The prototype was developed based on the social-technical model. 
An instance of DSpace was installed at the University of New Mexico. A collection 

was created for Karst and Cave Studies. At this time, scientists have captured and 
stored 1076 scanning electron micrographs and 24 thumbnails of morphotypes. The 
home page of the collection (Fig. 3) includes thumbnail images of the 24 morphotypes. 

 

Fig. 3. The University of New Mexico’s DSpace / Karst and Cave Studies collection 

An instance of Drupal was installed at the Los Alamos National Laboratory. At this 
time, user accounts have been created for the karst scientists working on the project, 
as well as the members of the design and development team. 
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Weblog, feed, and image functionality have been enabled and utilized. In order to 
supplement the image functionality, Gallery, an open-source image management sys-
tem, has been embedded in the Drupal. [20] Additional functionality, such as forums, 
have been enabled but have not yet been utilized. 

Users can view an array of thumbnail images. (Fig. 4) By clicking on the thumb-
nails, they can view larger versions of the images: either 640 x 480 or 1024 x 768. 
(Fig. 5) They can annotate the larger versions of the images by adding comments. 

 

Fig. 4. The Karst Collaborative Workspace display of morphotype thumbnails 

At this point in time, RSS feeds have been enabled and are being utilized. Several 
other mechanisms for exchanging digital objects between loosely coupled institutional 
repositories, such as DSpace, and social software tools, such as Drupal, are also being 
explored. This is an active area of research in the eScience and digital object reposi-
tory communities [21] and the Karst Collaborative Workspace will utilize new 
mechanisms as they become available. 

After the prototype has been tested, an instance of Drupal and Gallery will be  
installed at the University of New Mexico and made available to the international 
community of karst scientists. 
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Fig. 5. The Karst Collaborative Workspace display of a scanning electron micrograph 

4   Conclusion 

The functionality provided by a combination of scanning electron microscopes, 
DSpace, Drupal, and Gallery enables scientists to perform the core tasks identified in 
the general workflow. 

Image capture and storage are facilitated by scanning electron microsopes and 
DSpace. Scientists can upload scanning electron micrographs to an institutional  
repository along with suitable metadata. The scanning electron micrographs are auto-
matically assigned a unique identifier in the repository. DSpace generates RSS feeds 
for new content and Drupal displays the feeds. 

Collaborative analysis and annotation are facilitated by Drupal and Gallery. Scien-
tists can compare new images to other images and annotate or tag them. 

The Karst Collaborative Workspace thus makes it possible for scientists to collabo-
ratively analyze and annotate scientific datasets consisting of scanning electron  
micrographs.  

As eScience continues to evolve, two aspects of the system will change dramati-
cally: the complexity of the tasks scientists can perform and the mechanisms for  
exchanging digital objects between repositories and social software tools. 
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The results of providing such a collaborative workspace for the international com-
munity of karst scientists will be a rich record of the collective interpretations of 
scanning electron micrographs, improved annotations and metadata for describing the 
morphological features found in the images, and a well-curated image dataset. 
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