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Abstract:

This paper examines important artifacts of scientific research, namely models. It
proposes that the representations of scientific models be treated as works. It discusses
how bibliographic families of models may better reflect disciplinary intellectual
structures and relationships, thereby providing information retrieval that is reflective of
human information seeking and use purposes such as teaching and learning. Two
examples of scientific models are presented using the Dublin Core metadata €l ements.
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Background:

The current environment of scholarly information organization for retrieval in
libraries is based on two important traditions:

1. Information handling tools like the library catalog are intrinsically different from
bibliographic databases and indexes of journal articles. Thisisbecause library catalogs
must accommodate information retrieval from both physical storage and conceptual
content. Not so the databases or indexes, which are often concerned only with conceptual
information retrieval only. Therefore, from the library perspective the two tools,
periodical indexes (bibliographic databases) and library catal ogs, provide bibliographic
control of the universe of knowledge. From the user perspective, indexes and catalogs
must both be consulted for information retrieval from the bibliographic universe of
knowledge.

2. Information resources for inclusion in the library catalog are often chosen because
they are bibliographically independent publications.” The Anglo-American Cataoging
Rules, 2™ edition revised (AACR2R) specifies these as books, pamphlets and printed
sheets, cartographic materials, manuscripts (including manuscript collections), music,
sound recordings, motion pictures and videorecordings, graphic materials, computer files,
three-dimensional artifacts, and realia (the exception to “bibliographic™), microforms, and
serials.? In other words, these are the units of analysis, the item/object granularity level at
which the library catalog functions. Typically, the whole item (book, serial, etc.) is
described; individual book chapters are not catal oged though AACR2R provides for this.®
Similarly, the periodical indexes have taken over the role of providing accessto

component parts that can also be considered independent units, such asjournal articles.



Both of these traditions have been challenged as the practice of representing
information on digital media continuesto rise. Patrick Wilson notes that in the global,
online, multimedia information world we can no longer take textual or conceptual
stability for granted.* An important question then to investigate is this: How can the
primary bibliographic tool, the library catalog, better reflect disciplinary knowledge
structures? This paper investigates by using the notion of works for one class of
intellectual (and disciplinary) creations, scientific models. Before proceeding to a
discussion of scientific models as works, current practices in cataloging and indexing,
assumptions, limitations and scope of this study are presented. Thereisaglossary,

mostly drawn from Smiraglia, which defines terms used in this paper.®

Current cataloging and indexing practices:

Library catalogs and indexing databases focus on the subjects of disciplines (what
topics and concepts are there within a particular subject or discipline) and not on
disciplinary intellectual activities (at least not in the sciences, and for example, modeling)
that result in creative products that can be indexed for information retrieval. Questions
such aswhat are the intellectual products of disciplinary activity, how are such products
(for example, models) represented in bibliographic entities, what are the component parts
of such representation, how are the parts related, etc. appear to be beyond the scope of
bibliographic organization. Therefore, current cataloging, indexing, and classification of
models exists only for representations of the textual content of models, the written

descriptions about models and the activity of modeling as recorded in published



literature; these are usually found in text, items, and documents such as journal articles,
scientific reports, theses, dissertations, books and chapters in books.

Bibliographic control of models and modeling that is reported in published
literature as a scientific activity is enabled through three types of tools: library catalog,
bibliographic utility, and periodical index (from henceforth the term index includes
bibliographic databases and periodical indexes). Information retrieval in these toolsis
facilitated through description and subject analysis. Subject analysis includes
classification. Resources about models are often classified as subjects and this entails the
use of controlled vocabulary systems like thesauri, classification or subject heading lists.
In the library catalog and in bibliographic utilities, the Library of Congress Subject
Headings (LCSH) is the predominantly used controlled vocabulary list. Dewey Decimal
Classification (DDC) provides the classification number for item location of the unit.
The LCSH descriptor (preferred term) is Models and modelmaking, which may be
subdivided geographically; there is Mathematical models which may be subdivided by
object and narrower terms like Atmospheric models, Hydrologic models, Wind Tunnel
models, etc..’° Appendix 1 provides alist of the LCSH subjects under Models and
modelmaking. Controlled vocabulary in the indexes is dependent upon discipline
thesauri and each index usually selects and uses a different thesauri, subject heading or
classification scheme. For example, GEOREF (an index for the geological sciences) uses
the GEOREF Thesaurus while INSPEC (another index in the physical sciences and

engineering) uses the INSPEC Thesaurus (see Appendix B for more details).



Assumptions and limitations:

This study is based on the following assumptions.

1) Information retrieval in libraries and through bibliographic tools must actively
support, if not enable, end-user information seeking purposes such as exploratory
learning and information uses such as teaching and learning. Therefore, our
library tools must reflect disciplinary knowledge structures, products, and uses.

2) Intheonline world continuing to segregate tools such as indexes, catalogs, and
bibliographiesisinefficient. For information seeking purposes such as teaching
and learning efforts should be made to merge the three tools for improved end
user searching and information retrieval.

3) Boolean searching is end-user hostile. Tests as early as Cranfield have shown that
Boolean searches do not improve retrieval performance significantly over other
types of searches.” This study assumes that phrase searching, for example noun
phraseslike ‘treerings are preferred user search strategies and hence
bibliographic description should accommodate such information retrieval.

4) AACR2r defines models as "a three-dimensional representation of areal thing."®
It also provides descriptive cataloging rules for cataloging models as physical
objects. Thisis not the definition of scientific models as used in this study. A
different definition, one that is grounded in how the word is used in the
disciplines (sciences and social sciences) is proposed.

A mgjor limitation of this study isthat it does not completely include the

representations of models in heterogeneous formats; it is limited to electronic formats

only. Also, because modeling is a widespread activity, an attempt is made to identify



important properties of scientific modelsonly. Finally, thisis part of alarger funded
study that is developing a classification scheme for scientific models in one are, water

quality, and building a prototype catalog of scientific models.

Definition of scientific models:

In every field of human endeavor, including the natural and engineering sciences,
the word model can mean different things and conjure different images to different
people.

The Oxford English Dictionary Online provides three major meanings for the
word model: arepresentation of structure, atype of design and an object of imitation.®
From the more than 15 meanings within the above three contexts, the following definition
best fitsan initial consideration of scientific models asworks: amodel is*asimplified or
idealized description or conception of a particular system, situation, or process (often in
mathematical terms: so mathematical model) that is put forward as a basis for
calculations, predictions, or further investigation” [emphasis original].

The Encyclopedia Britannica Online offered 4145 articles for a search on the
word model.® Thisisin addition to the meanings for six words (model (n), model (v),
model (adj.), animal model, role model, Watson-Crick model). Thefirst article entry is
titled “Model Construction from Operation Research” and has the brief introduction: “A
model isasmplified representation of the real world and, as such, includes only those
variables relevant to the problem at hand. A model of freely falling bodies, for example,

does not refer to the colour, texture, or shape of the body involved. Furthermore, a model



may not include all relevant variables because a small percentage of these...”

[emphasis
original].

The Academic Press Dictionary of Science and Technology provides asimilar
definition for amodel as used in the sciences.*? It is “a pattern, plan, replica, or
description designed to show the structure or workings of an object, system, or concept.”
More specific definitions are provided for the areas of Behavior, Computer
Programming, Artificial Intelligence, and Photogrammetry.

It is clear that there are models in both social sciences and the sciences. It is
equally clear that the activity of scientific modeling includes mathematical and computer-
based is prevalent in many disciplines. For example, a search for the term model in
Science Direct, afull-text index to Elsevier Journals subscribed to by the University of
Arizona Libraries, yielded 1157 articles for the year 2002 only*. A search in the same
database, all journals, 2001-onwards, for the phrase “ computer models’ within abstracts
retrieved 2759 articlesin journals such as Chaos, Solitons, & Fractals, Muscle & Nerve,
Computers & GeoSciences belonging to science, medicine and socia science disciplines.

Even in the sciences only we find that there are many different approaches that
scientific disciplines take to models; they can be complex numerical models implemented
on computers, mechanical analogs, performs of theories or restricted concepts within
which basic dynamical aspects can be described and understood.** However, there
appears to be widespread consensus that ‘ scientific models' reflect the intellectual
activity and include computational and mathematical modeling. Hence the phrase

scientific models is more accurate than mathematical or computer models.

1| was unable to replicate this search for other years as the search does not proceed because of the system
limitation - retrieved too many hits — hence user is asked to modify the query.



I mportance of scientific modelsfor teaching and lear ning:

Integrating scientific, mathematical, and computational modeling, which includes
model use and building, with teaching and learning new science concepts has been
recognized since the 1980s as important for a number of reasons. Such integration, itis
believed, provides the framework for assembling data and knowledge, for stimulating
scientific reasoning, discovery, synthesis, analysis, and theoretical development skillsin

novice student learners.

NASA identified the kinds of prerequisites that are needed for integration of

research and model use and building with pedagogical goals.**

1. Theacquisition of observations (the model must exhibit a selective attitude to

information) — student’ s ability to select relevant observables

2. Analysis and interpretation of the observational data (structured and pattern-

seeking/replicating)

3. Construction of and experimentation with conceptual and numerical models (as

analogies and prediction devices)

4. Verification of the models, together with their use to furnish statistical predictions

of future trends (testing, experimentation and replication).

ThinkerTools, where researchers from the University of Californiaat Berkeley and
Educational Testing Services (ETS) collaborated with middle school teachers, isa
scientific inquiry and modeling project.™ They developed Morton Modeler, a computer

agent, who walks users through the process of building good scientific models. Another



noteworthy project is Modeling for Understanding in Science Education (MUSE) based
in the University of Wisconsin at Madison.*®* MUSE includes middle and high school
students and is focused on improving understanding about science as a modeling

enterprise and scientific modeling skills.

Scientific models draw on fundamental 1aws and equations and are potentially rich
sources for solutions to interdisciplinary problems. Hence, bibliographic tools that show
disciplinary activity relationships associated with modeling, name, phenomenon, process,
object relationships in the model (subject relationships), mathematical, computer, and use
relationships (what kind of mathematical function does the model use, purpose of model,
how many and what types of variables, what kind of computer, what kind of software)
are important for disciplinary enlightenment during the information retrieval process that

accompanies teaching and learning tasks.

Aspects of scientific models:

The specific area of water quality and the broad discipline of geography were studied
to provide the preliminary aspects (facets) of scientific models. Appendix C provides
excerpts of raw data used in this analysis. General properties of scientific models are:

1) Modelsreflect reality.

2) They are small representations of reality.

3) They are simpler than the process/phenomenon they study or mode! .

4) They are closed, not open, systems.

5) Any real situation can be analyzed if it can be described in terms of mathematical
eguations.

6) The most important features of reality are correctly incorporated; |ess important
features are initially ignored.

Important aspects of scientific models are as follows:

1. Purpose or type of model. What is the purpose of modeling? Many
classifications of models by purpose exist; classifications in geography, and



hydrology, environmental sciences (see Appendix C) and physics, biology. Scientific
classification usually has different purposes from classification for information
retrieval. ThinkerTools aso provides a simple typology of models.

Example: quasi-realistic (simulation), cognitive (explanatory)

2. Object of study. What isthe object or objects being modeled?

Example: wind tunnel

3. Process. These objects that the model studies, investigates or imitates, participate
in anatural process. What process or processes does the model simulate or study?

Example: erosion

4. Phenomena. What phenomenon does the model simulate, study or seek to
explain?

Example: clouds

5. Fundamental Law. Isthere afundamental law that the model is based upon?
What?

Example: Bernoulli Law

6. Mathematical or statistical function. Models are represented through textual
theory, law, and mathematical equations. Can the fundamental law be expressed
mathematically? What isthe equation? What are the mathematical functions that the
model uses?

Example: differential functions

7. Variables. What are the conditions and variables studied, modeled, input, output,
hypothesized or generated?

Example: soil properties

8. Spatial coverage. What isthe spatial coverage of the model? V arious schemes
can be used here: geographic scale, named features, geo-references, etc.

Example: global models, regional models
9. Temporal coverage. What isthe tempora coverage of the model? Again, various

schemes can be used here: temporal scales, named geologic periods, historical
periods, etc.
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Example: micro, meso, 1-hr

10. Software. What software is needed to run the model? What documentation is
available about software? |sthe software available in executable code? Severa
components such as operating system and other computing requirements for the
model can beincluded here.

Example: Fortran source programs

11. Hardware. What is the hardware environment of the model?

Example: PC

11. Person/group who proposed the original model/authored the paper, etc. Is there an
original mathematical, computational, scientific model? |Is there atheory? Whose?
Who did the work? Is it possible to identify origina models that continue to be
revised, modified, updated? Or for which alternative solutions are proposed? What
are the bibliographic relationships that exist between these models?

Example: Box-Jenkins, Streeter-Phelps

12. Discipline. What isthe mgjor discipline that can be determined for the model
either by creator affiliations or other means? The disciplinary facet is an important
one for promoting cross-disciplinary collaboration and information retrieval about
models.

Example: hydrology

13. Replication. Hasthe model been replicated? Thisfacet isrelated to the one about
the person/group who did the original model. Model replications are important
reports for continued model modification and use. Identifying varying types of
replications may be useful too.

Example: 1sReplicatedBy

14. Related Materials. What types of other related materials exist about this model ?
Example: 1sAnalysisOf

Much more work is needed before we regard this as the definitive list of scientific

model properties and relationships to be used for information retrieval in atool. But, this

provides a good beginning for initial prototype design and subsequent user study.
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Infor mation retrieval of scientific models:

Aninformal and small survey of the information retrieval and use problems
associated with constitutive models as currently represented in alibrary catal og,
periodical indexes and bibliographic utility, and the WWW provided preliminary
evidence for re-considering the cataloging of scientific models and investigating
scientific models as works. The following two tables demonstrate the representation and
problems associated with retrieving information resources about models in four sampling
frames, index, utility, catalog, and the World Wide Web (WWW).

The survey focused on the following two types of terms, those advised by expert
users and those selected from the LCSH. Controlled vocabulary terms from the LCSH
include: Atmospheric models, Hydrologic models, Mathematical Models. User-
suggested term is constitutive models. Constitutive models are an important class of
modelsin civil and rock engineering. Constitutive models are based on constitutive
eguations, relations and laws. Engineering faculty at the University of Arizona suggested
this as a class of scientific models that needed better information retrieval for novice
learners, senior undergraduate and graduate level engineering students. Table 1 shows
the search terms used, the sampling frame where the search was conducted, and the
number of information items, hits, that were retrieved and the dates of the search on a
particular class of scientific models. Appendix B provides the notes about the selected

sampling frames.
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Table 1. Representation and Number of Resour ces about Constitutive Models

Search Terms and Search Strategy Sampling Number of Hits &
Frame Date of Search (in
parentheses)
Constitutive models — Subject OCLC 9 (Nov. 2001)
Constitutive models — Subject Sabio 0 (Nov, 2001)
Constitutive models — Google WWW 35,200 (Nov. 2001)
Constitutive Relations — Subject OCLC 2 (Nov. 2001)
Constitutive Relations — Keyword OCLC 33 (Nov. 2001)
Constitutive relations — Subject Sabio 0 (Feb. 2002)
Mathematical models — Subject OCLC 130,141(Nov. 2001)
Atmospheric models — Subject OCLC 2018 (Feb. 2002)
Atmospheric models — Subject Sabio 1 (Feb. 2002)
Hydrologic models — Subject OCLC 1,075 (Feb. 2002)
Hydrologic models — Subject Sabio 95 hitswith 11
subject entries (Feb.
2002)
Models — Subject OCLC 179,717 (Nov. 2001,
Feb. 2002)
Models — Subject Sabio 447 subject entries
(Feb. 2002)
Models— Keyword OCLC 241, 349 ( Feb. 2002)

13



Table 2 identifies the controlled vocabularies used to index or catalog information
resources about constitutive models. It shows how different and scattered the subject
terms for constitutive models are. Often, the term model need never be used; at other
times it must be used in conjunction with other subject subdivisions or topic ideas. There
appears to be no easy provision for index displays of retrievals using model names,
objects, processes, phenomenon; terms, subject headings, or descriptors for various
subject concepts do not reveal precise subject relationships such as process/agent.
Relationships that are important in modeling, therefore, are not revealed. Collocation, the
bringing together of all ‘works' on a particular subject, especially if we extend the notion
to scientific models, is therefore complicated and made extremely difficult or
incomprehensible for new students and people unfamiliar with the discipline or topic.

For example, bibliographic records for models on runoff reveal nothing about objects
such as water, hydrologic bodies, or processes, such as saturation and infiltration. When
scientific models are cataloged with controlled values for objects, phenomenon, processes
as parts different types of subjects, collocation is facilitated. Furthermore, current
cataloging and indexing practices of models assigned one or two ‘ subjects’ and not as
creative artifacts, as works, reinforces the often-held views of non-scientific thinking;
namely, that scientific models are physical objects, mechanical devices, or physical scale

models only.
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Table2: Subject Information Retrieval (IR) & Constitutive Models

Name of Name of Subject Terms | Narrower Terms Subdivisions Notes
Database Thesaurus Used and Their
Narrow Terms
OCLC Library of Engineering Acoustic models Bridges, Neither
Congress models Beggs method Concrete — congtitutive
Subject Electromechanical Models models nor
Headings Mathematical analogies congtitutive
models Hydraulic models M athematical relations are
models — preferred
Construction (used) subject
Industry headings.
OCLC Local subject | Constitutive Used aslocal
headings models subject
headings.
INSPEC Inspec Models Over 30 such as None Neither
Thesaurus Band theory models congtitutive
Exchange models models nor
Brain models congtitutive
Elementary particle relations are
interaction models preferred
Quark models (used) as
Sandpile models subject
descriptors
Compendex | Modelsisnota | Note: A search from “constitutive
El Thesaurus descriptor; nor | abstract/title/subject models’ isa
COMPENDEX is constitutive pulled up 6605 hits common
models but majority of the phrasein
hits picked the phrase titles;
fromthetitle possibly
useful for
index
displays
(using subject
or other
models
relationships
criteria) for
IR that
enlightens
novice users
Materials Science | Copper Asabove However 250 hits Many of the
(Cambridge Thesaurus, wereretrieved for a hits appeared
Scientific) Engineered searchintitleon to be
Abstracts (MSA) | Materias congtitutive models chaptersin
Thesaurus, books.
NASA
Thesaurus,
Metallurgical
Thesaurus
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Table 3 shows descriptive bibliographic and brief subject information for the items about
constitutive models that were found in OCLC.

Table 3: Information Resourcesin OCL C about constitutive models

OCLC# Type Language Date Format/Form* | # of Subject
Headings
4552889 Book English 1998 /Ph.D. Thesis 14
45523973 Book English 1997 /Report 11
42890758 Book English 1998 Microfom 11
/Technical
Memo
33345127 Book English 1986 Microform/ 7
33188617 Book English 1986 Micorform/
Symposium 6
proceedings
32866588 Book English 1988 Microform/ 7
Report
32617094 Book English 1989 Microform/ 7
Report
32115587 Book English 1989 Microform/ 4
Conference
proceedings
25003695 Book English 1990 Microform/ 11
Technica
Memo

*Format is what OCLC calls them sometimes; form is my analysis. Therefore, reading
row one, we find that format is not given (hence just book or printed text) and formisa
Thesis.

Using Tables 1-3, apartid list of information retrieval problems for scientific models

can be deduced as follows:

1. For information resources and packages, such as books, theses, dissertations, and
reports, in library catalogs, the preferred controlled vocabulary schemeis LCSH. LCSH
uses a variety of subdivisions to enable the cataloger to assign subject headings; these
include topical (other topics), form, time, and geography subdivisions. Smaller
information packages such as journal articles, conference proceedings articles are

covered by bibliographic indexing services and include indexing and abstracting sources.

16




For these, the preferred controlled vocabulary it can be seen varies from index to index.
INSPEC uses the INSPEC thesaurus. EI COMPENDEX and MSA use their own home-
brewed or multiple other schemes. Therefore, knowing the right vocabulary to search for
constitutive models, or indeed any kind of scientific modeling, isamajor problem.

2. Most information resources about models are theses, dissertations, and
government or agency reports. These items are often the least cataloged in libraries and
subject analysisis often cursory, maybe not even done. Y et, these are probably some of
the richest resources about constitutive laws, equations and models. Table 3 isinteresting
in that it shows these types of resources richly cataloged in OCLC with local and
controlled subject headings ranging from four to fourteen.

3. Subject cataloging principles such as specific, direct entry work only when there
are specific subject entries and as we have seen there is no subject heading for
“constitutive models.” Even when direct entries are available such as mathematical
models, simulation methods under which objects can be added as subdivisions the
resulting sort criteria of date and publication type become meaningless in the context of
actual use of scientific models. Table 3 provides one example of the lack of usefulness of
current categorizations in the utility between type, form, and is probably illustrative of
cataloging confusion about form and format (see columns Type and Format/Form).

4. With the increasing scientific activity of modeling, current descriptions of textual
content about models are incomplete. It appears that the subject headings for texts about
models do not provide much information on the underlying laws, processes, phenomena,
type of model, computational requirements or mathematical functions. Y et, these are

critical factorsin disciplinary teaching, use, and research of models. They should be
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included. Information retrieval may be improved if we consider scientific models as

works.

Scientific models asworks and their bibliographic families:

Are scientific models works? Smiraglia provides an operational definition for a
work.*” “A work is the intellectual content of a bibliographic entity; any work has two
properties. a) the propositions expressed, which form ideational content and b) the
expressions of those propositions (usually a particular set of linguistic (musical, etc.)
strings) which form semantic content.”

Using this definition, scientific models most certainly can be considered as works.
Semantic content in scientific models includes mathematical expressions, formal
propositions and hypotheses, and statements of laws. Ideational content includes ideas
about objects, processes, and relationships, usually within or for specified spatial and
temporal scales, and formally, semantically expressed as mathematical equations and
algorithmic notation. The ideas include both observables (verified and expressed as
measurements) and non-observables (hypothetical data, mathematical equations). MUSE
researchers reinforce this view in their statement that “a scientific model is a set of ideas
that describes anatural process’ and that various “types of entities, namely
representations, formulae, and physical replicas’ are sometimes needed in the formation
of scientific models.*®

Works are bibliographic entities. Examining scientific models as bibliographic

entities, we find that they have two properties, physical and conceptual. The physical
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components of a scientific model can be determined in terms of its form (what the
instantiation is):
1. Textual works—includes articles, abstracts, bibliographies, reviews, analysis,

software documentation.

2. Datasets — includes observations and measurements of the observed phenomenon,

object, process reported as data, images, visualizations, and graphs.

3. Software —includes computer code, both source code and downloadable

executables.

4. Services—includesinteractive and other services (animation applets, databases,

indexes, contact pages, submit forms, etc.)

Conceptual components can be determined in terms of the ideas the model expresses.
Even more than just the ideas, the ideational (subject + other) relationships are important
in modeling. Hence, conceptual components can aso be called model concepts and

relationships. They include:

1. Researchfoci - What is being modeled, or the object(s) being studied? Wind

tunnels? Sediment? River? Are objects related? How?

2. Model type - What is the purpose of modeling — explain, predict, simulate, test?

3. Mathematic functions - Thisis probably the most complicated ideato abstract.
The simplest mathematical submodel needs at |east three types of variables and a
set of operating system characteristics linking them. The three sets of variables

are: input variables, status variables (the internal mathematical constant), and the
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output variables (which depends on both input and status variables). Model
strategy, the fitting and testing of the model by choosing the type of mathematical
operations most suitable to the type of system one istrying to model. Finaly,
developing the algorithmic (computational notation) and testing the model to see

if it works as planned before using it for prediction, etc.

4. Instrumentation - What relationships exist between observables, data collected,

conditions, and instruments used to gather or generate data.

5. Fundamental theory, law, or hypotheses that drives the model.

6. Replication, revision, simulation and continued improvements, modification.

Examples of two prototypical scientific models investigated as works are the Bernoulli

Model and the NASA GISS 1999 Atmosphere Ocean Mode!.

Bernoulli M odel

The Bernoulli family in Switzerland was one of the most productive familiesin the
field of mathematics in the seventeenth and eighteenth centuries. Table 4 showsthe
names of three generation of Bernoullis who have contributed to the literature of fields
such as calculus and fluid mechanics. Searching through the library catalog, it is hard for
the novice learner to clearly identify how the various concepts, which bear Bernoulli
names, are related. There are Bernoulli numbers, Bernoulli equations, Bernoulli models,
Bernoulli principles, Bernoulli law and the Bernoulli theorem. These have all
traditionally been thought of as 'subjects and cataloged in terms of the various physical

formats these ideas were packaged in. Thereisonly one LCSH descriptor Bernoulli
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Numbers. Thiswas used along with other terms to identify what, if any, items existed on
the Bernoulli models. Can abibliographic family be identified? Isthere arelationship
between the Bernoulli model and the Bernoulli equations that are an application of
Bernoulli’s Law and used in elementary physics learning for various things like curving

baseballs and aerodynamic lift? What is the source of the Bernoulli model ?

A bibliographic family is a*“set that includes all texts of awork that are derived from
asingle progenitor.”* It is therefore, “the tangible, and to some extent quantifiable,
instantiation of the mutability of works.” Bibliographic families usually are created by
derivative relationships. one source isthe progenitor. Derivative relationships are
further classified simultaneous, successive, trand ations, amplifications, extractions,
adaptations, performances.® Tillett's taxonomy of bibliographic relationships identifies
other types of relationships besides derivative; the seven posited by Tillett and including
derivative are equivalence, descriptive, whole-part, accompanying, sequential, and shared
characteristic relationships.®* Other bibliographic relationships that the library catalog
tries to address include access point relationships and subject relationships, but Tables 4
through 6 try to show that these relationships are not clearly specified or made obvious to
the user in current bibliographical tools.

Table 4 tries to show the searches to identify bibliographic families. It showsthe
term used, the type of search, and the number of hits the search retrieved in three
sampling frames, OCLC (a bibliographic utility), Sabio (the University of Arizona Online
Public Access Catalog), and the WWW (using the Google search engine). Sampling
Frames & Dates of Search are: OCLC: 01/07/02; Sabio: 01/31/02; WWW: 01/31/02.

Termsin Boldface type are Library of Congress subject headings.
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Table4: Bibliographic Families

Search Term Type of Search | Number of Hits Retrieved In
OCLC SABIO WwWwW
Bernoulli keyword in 604 80 125,000
Basic Search
Bernoulli author in 648 43 N/a
Advanced
Search
Bernoulli, author in 76 8 8,940
Daniel Advanced
Search
Bernoulli, author in 44 2 (seeentries | 4,860
Johann Advanced to Bernoulli
Search Jean)
Bernoulli, Jakob | author in 107 3 2,530
advanced search
Bernoulli, Jean | author in 133 5 6,550
advanced search
Bernoulli law keyword in 18 2 19,700
(Basic search)
Bernoulli subject wordsin | 4 0 21,800
equations Advanced search
Bernoulli Subject wordsin | 21 2 subject 22,800
numbers Advanced search
Search

Note: Bernoulli, Johann, 1667-1748 is same and entered in the library catalog as
Bernoulli, Jean.

Table 5 shows subject headings and disciplinesin selected records. OCLC# with
adl or d2 indicates that they are bibliographic records for the same copy; Call number, if
any indicates the discipline to which the items has been assigned (physical or online shelf
browse number); SH stands for subject heading that is found in the record and the

number indicates the position in the list of subject headings if an item had more than 1
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subject heading. Subject headings in OCLC records for records with Ber noulli

Numbersare indicated by an X. Therefore, reading the first row, OCLC record #

40937076 has another record for the same item (line below) and has no call number, three

subject headings, with the subject heading Bernoulli number in the third position.

Table 5: Subject & Discipline Relationships

OCLC# Call Number SH #1 SH 2 SH3
40937076 (d1) None Education Linear Models X
Research (statistics)
M ethodology
45340799 (d2) 150 Education Linear models X
Research (statistics)
M ethodology
34844313 LB 1861 .C57 X Numerical -
functions
37561894 515.5 Numerical X Euler numbers
functions
34594846 QA 84 X Dissertations, -
academic,
Mathematical
sciences
33001372 T171.G45x X - -
36246557 Q1725 Chaotic behavior X -
in systems
48189946 - X Graph Theory -
25099001 Bernoulli Numbers | - -
- Bibliography
12220874 Euler's Numbers Bernoulli shifts -
15817046 QA 279.5 Bayesian statistical | Bernoullian Numerical
decision theory Numbers functions,
Computer
programs
11107209 QA 55 X - -
41382818 QA 246 X Fermat’stheorem | -
42909419 (d1) QA 246 .F3 X - -
41780960 (d2) QA 246 .F3 X - -
41777351 - X Series Equations
3238858 (d1) QA 246 .52 X - -
48510451 (d2) QA 246 . S2 X - -
05616123 (d1) QA 246 .S73 X - -
05616122 (d2) QA 246 .S73 X - -
QA 306. S3 Calculus, Mathematics, X
43307081 differential Dissertation,

Germany, Berlin
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Table 6 triesto identify derivative and equivalence relationships and while it appears

straightforward in some case, it is not always so. It isalso not clear which of the various

types of bibliographic relationships are found in scientific models.

Table 6: Bibliographic Relationships Matrix
OCLC# | Type Language | Publisher or | Date Form of Pub | Discipline& | Derivation | Equivalence.
(Format) Place of Pub | of Pub Sub- Type Relationship
Discipline
40937076 | Book English Michigan 1998 Ph.D. Thesis | Educational | New share an
(d1) State Psychology equivalence
University relationship
with below
(copy)
45340799 | Book English Asabove 1998 Ph.D. Thesis | 150 Asabove | Asabove
(d2)
34844313 | Book English Eastern 1996 M.A. Thesis | LB1861.C57 | New None
[llinois
University
37561894 | Book German Aachen 1995 515.5 Unknown | Unknown
34594846 | Book English Tennessee 1995 M.S. Thesis | QA 8.4 New None
State
University
33001372 | Book English Georgia 1995 M.S. Thesis | T171.G4 New None
Ingtitute of
Technology
36246557 | Book English University of | 1995 M.S. Thesis | Q1725 New None
Rhode Island
48189946 | Microform | English Georgia 1992 Ph.D. Thesis | Unknown New None
Institute of
technology
25099001 | Book English Kingston 1991 Bibliography | QA3 (510) Revision Updated
Ontario bibliography
(Queen's isavailable
University) onthe
www
12220874 | Microform | English NASA 1984 | (NASA Unknown New None
(Institute for contractor)
Computer Report
Applications
in Science
and
Engineering)
15817046 | Book French Ecole 1977 Report 519 New None
Poytechnique Mathematics
de Montreal
11107209 | Book English Lamar State | 1968 M.S. Thesis | QA 55 New None
College of
Technology,
texas
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41382818 | Book English Philadelphia | 1936 | Society Philosophy | New None
Report
42909419 | Book English Unknown 1925 Extracted QA 246 New? Feinler
(d1) from Mathematics
M essenger collection
of Shares
Mathematics equivalence
(July 1925) below
(copy)
41780960 | Book English Unknown 1925 Extract as QA 246 Asabove? | Equivalence
(d2) above relationship
with above
41777351 | Book English London 1914 Extracts Unknown New? Unknown
from
Quarterly
Journal of
Pure and
Applied
Mathematics
(no. 181)
3238858 | Book German | Springer 1893 Photocopy QA 246 Unknown? | Equivalence
(d1) relationship
with below
(copy)
48510451 | Book German Springer 1893 Electronic QA 246 Unknown? | Equivalence
(d2) reproduction relationship
with above
05616123 | Book Latin Unknown 1977 Reprint of QA 246 Edition? Equivalence
(d1) reprint | 1845 edition relationship
of with below
1845 +
edition (Bound with
another text)
(copy)
05616122 | Book Latin Unknown As Reprint as Asabove Asabove? | Equivalence
(d2) above | above relationship
(bound with
another text)
Book Latin Berolini 1823 | Dissertation | QA 306 New None
43307081

M etadata for Scientific Modds;

For purposes of clearly revealing only the important model concepts and

relationships that need to be represented and further investigated, the metadatain the

examples below are kept very ssmple. For example, Dublin Core is used as the content

standard but a corresponding encoding scheme is not shown. Additionally, metadata for

the English trandations of the original works (in the case of the first example, Bernoulli
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model) are not included. DC facets are the one deviation from the Dublin Core standard
elements, and again the purpose is to explore and demonstrate how analytical catal oging
and faceted classification strategies can be combined for improving bibliographic control
and information retrieval that reveals disciplinary structures. Index displays based on
controlled values may be derived semi-automatically in the dc/type, dc/relation, and
facets are the key to representing disciplinary and other structures of models. They will
be described and demonstrated in a subsequent article and through the model s prototype
database, a classification-based catalog that is currently under devel opment.

Elaboration about DC elements, as used in this study, are provided below; only
deviations or elaborations are included and use of elements when consistent with DC 1.1
are omitted. These are DC-Description, DC-Contributor, DC-Date, DC-Format, DC-
Language, and DC-Rights.?

s DC-ldentifier: Universal Resource Identifier is the unambiguous reference
identifier used for each of the items that make up the work

s DC-Title: Title (either cataloger assigned or creator’ stitle)

% DC-Creator: author or other authority

s DC-Subject: Isnot used in new records. Will be kept if found. Instead aspect or
facet is proposed and many different ones identified; in keeping with the DC
content standard model facets are optional and repeatable. Currently, standard
classification schemes and thesauri like the ACM’s Computing Classification

System, American Mathematical Society’s Mathematical Subject Classification,

GEOREF Thesaurus, and ERIC Thesaurus can be used; but, in the larger study
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they are being investigated, compared and will be drafted into a simpler models
classification scheme based on the facets below.

FacetConcept: is an idea, the traditional subject (for example, calculus of
variations)

FacetObject: the object studied in the model

FacetDiscipline: the major discipline to which this model belongs (may be
determined either through author affiliations or other means)
FacetPhenomenon: the phenomenon being modeled

FacetProcess: the process being modeled

FacetM athRepresentation: the mathematical functions, equations used
FacetSoftware: the software needed to run the model

FacetFunLaw: the fundamental laws that the model is based upon
FacetModel Type: the type of model based on its purpose

FacetVariable: number, types, conditions, and variables in this model
FacetProblem: the problem the model is analyzing stated often as a question
DC-Type: thetype of resource is taken to be its form and until the models
classification is fully developed, the model semantic unit and modified LCSH
form subdivisions are shown as placeholders.

DC-Relation: various types of bibliographic and model relationships to
demonstrate work linkages are used and not limited to the onesin the DC
Qualified list

DC-Coverage: adistinction is made between spatial and temporal coverage; so

there is DC-CoverageSpatial and DC-CoverageTemporal.

27



Figurel: Bernoulli Model — Metadata for sources + two members of the

bibliographic family

dc/identifier: http://foo.bar.org/arsconjectandi

dc/title: Ars conjectandi

dc/creator: Bernoulli, Jakob
facetobject: Bernoulli numbers
dc/description

dc/publisher

dc/date: 1713

dc/type: textual works

dc/format: text/html

dc/source: Work of Johann Faulhaber
dc/relation: IsRelatedTo
dc/identifier: http://foo.bar.org/workofjohann

Bibliography

dc/identifier: http://foo.bar.org/bibliography
dcftitle: Bibliography of Jakob Bernoulli
dc/creator:

facetconcept: Bernoulli numbers
facetmathfunction:

facetperson: Bernoulli, Jakob
dc/description

dc/date

dc/type: textual works (Bibliography)
dc/format:

dc/source:

dc/language:

dc/relation: 1sUpdateOf

dc/identifier: madeupisbnnumber
dc/identifier: http://foo.bar.org/workofjohann
dc/title: Work of Johann Bernoulli
dc/creator: Bernoulli, Johann

facetobject: Bernoulli numbers
dc/description:

dc/publisher:

dc/date: 1742

dc/type: textual works

dc/format: text/ntml

dc/relation: IsRelatedTo

dc/identifier: http://foo.bar.org/arsconjectandi

Abstract

dc/identifier: http://foo.bar.org/abstract
dc/title: The significance of Bernoulli’s Ars
conjectandi

dc/creator: shafer, glenn

facetconcept: series, infinite

dc/date

dc/type: textua works (Abstract)
dc/format: text/html

dc/source:

dc/language:

dc/relation: 1sAnalysisOf

dc/identifier: http://foo.bar.org/arsconjectandi
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Figure2: Bernoulli Model — Metadata for Other Forms, Member s of the

Bibliographic Family

Thisfigure shows one added element under consideration, audience (appropriate

audience level for the resource).

Exercise

dc/identifier: http://www./mtn-bern.pdf

dc/title: Numerical, graphical and symbolic analysis of Bernoulli equations
dc/creator: Bern, David

facetmathfunction: differential equations
dc/description:

dc/date: 2001

dc/type: textual works (Exercise)

dc/format: text/html

dc/relation: IsProblem

dc/identifier: http://foo.bar.org/bernulliequations
dc/relation: 1sSupplementTo

dc/identifier: http://foo.bar.org/computercode
dc/audience: 9-12 (US)

dc/typical learning time: unknown

dc/coverage: not applicable

dc/rights: none
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Sample M etadata for Atmosphere Ocean M oddl:

dc/identifier: http://aom.giss.nasa.gov/index.html
dc/title: Atmosphere Ocean Model
dc/creator: NASA GISS AOM Group

facetdiscipline: Meteorology

facetobject: seaice

facetphenomenon: climate

facetprocess: river flow

facetprocess. advection

fascetprocess. atmosphere-ocean interactions
facetprocess:. insolation

facetmathfunction: atmospheric mass equations
facetmathfunction: differential

facetsoftware: fortran source

facetsoftware: pc executables

facetfunlaw: mass

facetmodeltype: climate predictions
facetmodeltype: grid-point model
facetvariable: ocean entropy

dc/type: interactive service

dc/relation; References
dc/identifier: http://aom.qgiss.nasa.gov/publicaitons.html

dc/relation: ModelCode
dc/identifier: http://aom.qgiss.nasa.gov/code.html

dc/relation: Observations
dc/identifier: http://aom.giss.nasa.gov/observe.html

dc/relation: Personnel
dc/identifier: http://aom.giss.nasa.qgov/people.html

dc/relation: Simulation
dc/identifier: http://foo.bar.org/12yearruns of the control simulation of 1995 version of CO23

dc/coveragespatial: global
dc/coveragetemporal: decade

As mentioned, the example metadata shown in Figures 1-3 continues to be under
development for the models prototype database/classified catalog. The database is
scheduled for completion by the end of the year 2002. There have been severa other
well-known efforts to catalog materials for learning, including the development of a

content standard for computational models.>® However, many of these efforts fail to
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consider scientific models as works, an instantiation with many entities and relationships
and hence are not useful attempts to improve information retrieval beyond identification
and location. This study istrying to do more; it attempts to map structures for scientific

models using the bibliographic definition of works.

Conclusion:

Heckhausen, in the 1970s, discussed the growth of computer models and
modeling as the analytical tools of adiscipline.* However, models are products of
scientific research, the creative artifacts reflecting the intellectual structures (mapping of
rel ationships between objects, process, through bibliographic entities) of the discipline
and the researcher. The activity of modeling conceals an incredible amount of
intellectual relationships that traditional bibliographical tools (primarily the catalog and
the index) neither capture nor describe from the texts, documents, and items about
models. Should our tools do so? Yes. Our increasing awareness of conceptual and
textual instability of electronic forms requires active investigation and experimentation
with other types of knowledge organization and representation structures. Additionaly,
decades of research both in information retrieval and information seeking behavior
complemented by the widespread success of Internet search engines has shown us that
users tend to disregard Boolean searches, human indexing as opposed to machine
indexing does not improve search performance significantly, and that users want a few
relevant, good materials. Assessing relevance in terms of disciplinary structures has
never been researched. Finally, access to published literature aloneis insufficient and

continued segregation of our tools, the catalog distinct from the index, is unproductive
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and outmoded as the goals of knowledge management merge symbiotically with
information retrieval.

This paper has tried to show that scientific models may be described more
meaningfully for information seeking purposes such as exploratory learning if they are
considered as works. Dublin Core was used as the content standard for the examples of
models cataloged as works in the paper and aspects of models and significant
relationships continue to be investigated. Appendix D provides a brief graphical
illustration of the status of scientific models as works and the research questions that

should be empirically investigated.
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Glossary

Note: Many of thetermsin this glossary are from Smiraglia (see Notes). Exceptionsare
noted. Definitions by the author are indicated by an asterisk.

Bibliographic Entity: A bibliographic entity is a unique instance of recorded knowledge
(e.0., adissertation, anovel, a symphony, etc.). Each bibliographic entity has two
properties — physical and conceptual. A containing relationship exists between the two
properties. All recorded and published representations of scientific models are
bibliographic entities (including datasets, observational data, instrument and model-
generated data).

Bibliographic Family: The set of all worksthat are derived from a common progenitor.

Bibliographic Relationships: A bibliographic relationship is an association between two
or more bibliographic items or works. Four types of relationships are possible in the
library catalog, bibliographic, access point, name, and subject relationships.

Source: Tillett (see Notes)
See also Tillett Taxonomy of Bibliographic Relationships, Smiraglia Taxonomy of
Derivative Bibliographic Relationships.

Derivativerelationships. Bibliographic families usually are created by
derivative relationships. one source isthe progenitor. See Smiraglia Taxonomy
of Derivative Relationships.

Form: Form subdivisionsindicate what an item is rather than what it is about.
Items can be assigned form subdivisions because of

* Their physical character (e.g., photographs, maps)

* The particular type of datathat they contain (e.g., bibliography, statistics)

* The arrangement of information within them (e.g., diaries, indexes)

* Their style, technique, purpose, or intended audience (e.g., romances, popular
works)

* A combination of the above (e.g., scores)

Source: “LCSH: Subject Cataloging Manual” [CD-ROM], The Cataloger’ s Desktop
(Washington D.C.: CDS, 2001).

Item: The physical property, container which is the package for the intellectual part of
the bibliographic entity.

Progenitor: A progenitor isthefirst instantiation of awork - the source - that has an
original idea. This starts the propagation of other texts, items, and documents.

*Scientific model: A class of models with mathematical and computational properties,

which can be considered to be works. Like works scientific models have semantic
content and ideational content. The following types of relationships exist in scientific
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models. 1) bibliographic (example, parent-child), 3) access point (not discussed in this
paper) 3) name relationships (limited to model personal authors and informal/formal
organizations and groups only) 4) subject relationships (to be determined for facets such
as concept, object, process, phenomenon, discipline, mathematical representation,
software, purpose, and coverage). The sum of these subject relationshipsisreferred to as
ideational relationshipsin works or as scientific model relationships and can be expressed
through controlled value lists and classification schemes for improved information
retreival.

Smiraglia Taxonomy of Derivative Relationships. Derivative relationships are
simultaneous, successive, trandations, amplifications, extractions, adaptations, and
performances.

See Smiraglia (Notes) for complete definitions
Text: A textisthe set of words that constitute writing. Includes textual works.

Tillett Taxonomy of Bibliographic Relationships: Bibliographic relationships include
derivative, equivalence, descriptive, whole-part, accompanying, sequential, and shared
characteristic relationships.

Services: Interactive and reference services, e ectronic.

Work: A work isan abstract entity; there is no single material object one can point to as
the work. We recognize the work through individual realizations or expressions of the
work, but the work itself exists only in the commonality of content between and among
various expressions of the work. When we speak of Homer’s llliad as awork, our point
of reference isnot a particular recitation or text of the work, but the intellectual creation
that lies behind al the various expressions of the work.

Source: International Federation of Library Associations, Study Group on the Functional
Requirements for Bibliographic Records, 1998, Functional Requirements for
Bibliographic Records (Muchen: K.G. Saur, 1998), 16-17.



Appendi x A:  Subject heading for Mddels in LCSH

Model s and nodel maki ng (May Subd Geog)
[ TT154-TT154.5 (Handicraft)]
UF Model - maki ng

Model naki ng
BT Handi craft

Manual training

M ni ature objects
RT Model naki ng i ndustry

Si mul ati on net hods
SA subdi vi sion Mddel s under types of objects, e.g. Autonpbil es--Mdels;
Machi nery- - Model s; and phrase headings for types of nodels, e.g. Wnd
tunnel nodel s
NT Architectural nodels

At mospheri ¢ nodel s

Engi neeri ng nodel s

Geol ogi cal nodel i ng

Geonetrical nodels

Hi storical nodels

Hydraul i ¢ nodel s

Hydr ol ogi ¢ nodel s

Mannequi ns (Fi gures)

Mat chsti ck nodel s

M ni ature craft

Model s (Pat ent s)

Pat t er nnmaki ng

Rel i ef nodel s

Shi p nmodel s

Surfaces, Mdel s of

Wnd tunnel nodel s

Zool ogi cal nodel s
--Mdtors
--Radi o control systens (May Subd Geog)

[ TT154. 5]
BT Citizens band radio
Radi o contro
Model s and nodel making in literature

Model s in art

USE Artists and nodels in art

Model s of surfaces
USE Surfaces, ©Mdels of
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Appendi x B: Qualitative Anal yses: Excerpts (classification of nodels in
wat er quality and geography)

Five books in the area of water quality, three in the area of physica
and human geography, and two thesauri (GEOREF and Water Abstracts) were
anal yzed to see how nbdels are represented and what
vocabul ary/cl assificati on schenes exists for scientific nodels in a
specific area |ike water quality and a broad discipline Iike geography.
Excerpts are presented fromthe analysis of the books only.

The entire text of the book including tables of contents, preface,

sel ected chapters, and the indexes of the five books were scanned for
classification, names of nodels, objects, processes, phenormenon, and

laws (only classification and named nodels are shown here). Here are
t he excerpts:

Text #1: An Introduction to Water Quality Mdelling. Edited by A
James (Chichester, John Wley, 1984.

Audi ence for book: Beginner. Based on courses in Civil Engineering
Depart nment introducing water quality nodeling to scientists and
engi neers in water pollution control

Classification Notes: Provides a classification of water nodels (see
Fig. Bel ow)

Water Quality Model s

: : optimization Computer-aided design
Simulation

Model s of Water Quality on Rivers:

BOD/ DO nodel s by Streeter and Phelps in the 1920s
Fi ck’s Laws of Diffusion

Ri ver nodel s

Lagrangi an nodel s

Movi ng segnent nodel s

Model s for di scharge

Di spersi on nodel

Bl ock nodel s

PN AWNE
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Text #2:
Devel opnent ( New York
Anal ysis: Index, Table
Cl assification Notes:

Wat er

Resour ces:

MGawHi |,
of Contents,

Envi ronnment a

1996) .
Pr ef ace,

Water Quality Model s

Pl anni ng,

Managenent and

Chapter 7
Provi des a classification of water

nodel s (see

fig. bel ow

l

i

Representation of Representation Representation of biological,
mathematical model of time chemical, physical processes
— l l —— Sochadtic Kinetic Biocoentic Ecological
Empirical Deterministic models models models
or models models - '
statistical Comtitue Oraan ¢ +
onstituents rganisms
models * transformation * Primary production Kinetic + Food
(ak.a * production * Consumption / chain organism
black box * decay secondary production
* Destruction /
mode S) decomposition
l' v
Hydraulics Quality
] l
Stationary Nonstationary l l

Naned Model s:

static

dynamic

1. Advection-dispersion equation (Taylor, 1921 — classic cite)

2. Mass-bal ance nodel i ng

3. Plug flow reactor nodels (Streeter & Phel ps, 1925)

4. BOD/DO (Streeter & Phel ps, 1925)

5. Oxygen-bal ance nodel (Streeter & Phel ps, 1925)

6. Continuously stirred tank reactor (CSTR) nodeling (Vollenweider,
1975)

7. Aggregate dead zone (ADZ) nodel

8. QUAL nodels (current version, Brown and Barnwel |, 1987)
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9. WQRRSQ nodels (Smith, 1986)

10. WASP (Anbrose et al, 1988)

11. MKE 11 (Dani sh Hydraulics Institute)
12. Fl ow nodel

13. DRAI NMCD

14. | and-subsi dence nodel

Text #3: Ajit K Biswas, Editor, Mdels for Water Quality Managenent
(McGrawHi 11, 1981).

Classification Notes: States that nobst of the Water Quality Mdels
in use today (1981) are extensions of two sinple equations by
Streeter and Phel ps (1925) — BOD and DO O her nodel ers are:

O Connor, Thomann, Di Toro, and Chen and Ol ob

Named nodel s:
1. BOD/ DO
2. QUAL 11

Geography — Qualitative Summary:

M nshul | (1967) sunmarizes classification of nodels by geography
scholars and offers a new cl assification:

Type |. Subnodels of structure

I conic or scale

Anal ogue

Synbolic

Type |1. Subnpbdel s of function

Mat hemat i ca

Har dwar e

Nat ur al

all three above can be used for a) sinmulation, and 2) experinment
Type I11. Subnobdels of explanation or theoretical conceptual nodels

(the causal factors of systens in the earth's surface)

Cause and effect nodels

Tenmporal nodels (including process, narrative, nodels of time or stage,
nodel s of historical processes), and

Functi onal nodel s

M nshul | further proposes new | abels for describing nodel:

1. The nature of the nodel

har dwar e, synbolic, graphic, cartographic,

2.  Functions of the nodel

descriptive, normative, idealistic, experimental, tool, procedure
3. Form of the nodel

static or dynamc

4. Operational purpose of the nodel

to store data

to classify data

to experinent on the data

5. Stage at which nodel is used:

a priori

concurrent

a posteriori (theory is proposed and verified before the nodel is nade)
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Content standard for conputational nodels (CSCM proposed by Hill et
al. DLib Magazine, 2001. http://ww.dlib.org/

CSCM is a descriptive standard. It identifies 165 elenents in ten
sections for conputational (scientific nmodels) in the environnenta
sciences. The ten sections are:

1. Identification Information

2. Intended Use

3. Description

4. Access or Availability

5. Systemrequirenents

6. |Input data requirenents,

7. Data processing,

8. Model output,

9. Calibration efforts and validation
10. Metadata source
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APPENDI X C. Notes about sanpling franes

Most investigations into the nature of works have established the
library catal og and the bibliographic utility as the natural sanpling
frames. However, bibliographic databases (periodical indexes) are al so
a natural sanpling frane, since the definition of a work inposes no
limtation upon texts, nanifestations, or other fornms of derivative and
ot her bibliographic entities that emanate fromthe progenitor. This
appendi x provides a brief description of the bibliographic databases
(i ndexes) and their controlled vocabul aries that were used in this
study. The bibliographic utility OCLC is also briefly described.

Rati onal e for including i ndexes (bibliographic databases): Most
information in the sciences gets outdated quickly. Articles, therefore,
are tinmely in terns of providing information about nodels.

Additionally co-citation has proved to be a valuable analysis in
identifying disciplinary intellectual structures.

OCLC: OCLC was the bibliographic utility chosen. | tried searching
in both Cat Express (the catal oging service) and WrldCat (the reference
service) and found both equally frustrating to use. The distinction
bet ween subj ect words, subject phrase, and subject, searches were
blurred in many searches.

I NSPEC. While OCLC was chosen as the bibliographic utility for this
i nvestigation into the nature of scientific nbodels as works, | did not
limt nmyself to a single indexing database, though not all data has
been included in this paper. | searched GEOREF, Water Abstracts, E
Conpendex, and ISl indexes (note that these findings are partially
reported here). [INSPEC is a database that has over 5 mllion records
and approxi mately 300,000 records are added annually. Coverage

i ncl udes physics, electrical engineering, electronic,
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t el ecomuni cati ons, conputers, control technol ogy, and infornmation
t echnol ogy.

The | NSPEC t hesaurus has broad subject ternms under which
constitutive nodels nay be classed and i ndexed. They are:

1. A 4630 — Mechanics of solids

2. A4660 — Rheol ogy of fluids and pastes

3. A5100 Kinetic and transport theory of fluids; physical properties

of gases
4. A6200 Mechani cal and acoustic properties of condensed matter
5. A 8140 Treatnent of materials and its effects on mcrostructures
and properties

Once the user has browsed the thesaurus under these broad terms, she
can search using nore specific terns such as Viscoelasticity or an even
nore broader term such as nechani cal properties. Exanples of other
narrower, specific terms are: anelasticity, creeps, cracks,
deformation, stress-strain relations. Many of these terns are very
good, and we consider that INSPEC had the best indexing, in terms of
direct, specific entries, but it still does not identify constitutive
nodel s as a class of scientific nodels or as one category of works with
many subject rel ationships, nor does it show specific bibliographic
fam |y relationships. These are critical aspects for successfu
information retrieval about scientific nodels. Additionally, these
terns were established in 1995 and the field continues to change and
evol ve rapidly.
SABI O This is the online public access catal og of the University of

Arizona Libraries.
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Appendi x D. Scientific Mddels as Wrks and Future Research Questions

Model facets are indicated by arrows with dashed lines; bibliographic relationships that
representations of models might possibly possess are indicated by solid arrows.
Significant questions remain to be investigated. For example, if scientific models are
identified as works, which bibliographic relationships do representations about model
replicationsfit best? Can relationshipsin electronic resources be determined semi-
automatically? What are important, generic name and subject relationships that are
present in al scientific models? How can they be used to display and sort through results
in library catalogs?

>
| deational content of models includes identifying creator name and subject relationships.
What are these?
Software
code
. A Creator (s)
Object
«
Process/Phenomena Methematica
¥ function
e relationships:
Replication Scientific 1. Copies
« Model as 2. |Issues
‘work’ imi
Whole-Part ?1 Eaecpsrllmées
relationships: 5. Photocopies
what are the 6. Microforms
component arts of 7. Electronic
scientific models? ' Reproductions
8. Etc.
Shared characteristic 4
relationships: Derivative
) Descriptive Relationships: Relationships:
1. Common author Sequ_entlal_ P
2. Common title Relationships 1. Description 1. Editions
3. Shared language 2. Criticism Revisio’ns
4. Shared date of 1. Sequels 3. Review Trandations
publication 4. Evaluation Summaries ’
5. Shared country 5. Annotated editions Abstracts.
of publication 6. Casebooks Digests ’
6. Other access 7. Commentaries 2. Adaptations or
points Modifications
3. New work based
Semantic content of models are textual works, datasets, software, on style or
services are the forms of models; is it important to identify and thematic content
describe other forms?
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