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1. INTRODUCING ART

We introduce a research agenda that aims to expand the
domain of archival theory to support the conduct of research in
archives. We distinguish archival theory from archival science
by designating as theory the assumptions and articulations that
constitute the conceptual foundation underlying the methods,
techniques and exercise of archival functions. Archival science
collects empirical evidence to test and validate, correct or
enhance archival theory.

Archival theory has been developed, predominantly by and
for archivists, as a conceptual basis for the functions that that
govern creation, organization, disposition, preservation and
access to both current and historical archives. Thus, it can be
accurately described as archival management theory (AMT).
We propose to extend the domain of archival theory to facilitate
and enrich research in archives. Hence, the extension is called
archival research theory. This article presents only a high level
overview of Archival Research Theory (ART).

AMT does not ignore research in archives. It provides
information that enables researchers to identify records relevant
to their interests, to assess their authenticity, chain of custody,
chain of preservation, etc, as well as ensuring enforcement of
access rights and restrictions. But AMT leaves the actual
conduct of research in archives to each researcher. That is
unavoidable for archives in hard copy for the simple reason that
once researchers have opened a box or folder of paper
documents, photographs, et al., they are on their own. But for
born digital and digitized archives, archival programs can
support the conduct of research. Moreover, for digital archives
some support for research is necessary because they require
appropriate platforms for access and use. Given the open-ended
challenges of digital preservation, researchers may not have
access to the technologies needed to access authentic digital
records. Given that archival programs require access to
appropriate technologies to perform their functions, we propose
that they include support for the conduct of research in their
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systems. The additional functionality would also be useful in
the work of archivists. Support for research in digital archives
should be guided by the principle that archival programs should
not bias or interfere in the process of finding and exploiting
data that are responsive to a researcher’s objectives.

ART does not intend to replace or conflict with AMT, but to
supplement it and to contribute to improving it. Nevertheless,
expanding the theoretical domain will inevitably engender
some revision or specialization of concepts as well as of
methods and techniques. For example there is an apt bias for
standardization in description. It serves both professionals and
archival institutions via consistency in managing holdings and
reducing risks. It also benefits researchers interested in
different, even unrelated, ensembles of records in one or more
archival institutions. In contrast, support for research in
archives has to prioritize applicability and adaptability to
diverse researcher interests, and fidelity to variety within
archives. ART should not limit what researchers can find in
archives or constrain the level of specificity they need in
characterizing it.

ART goes beyond AMT to encompass anything that
researchers may be interested in, assuming that there is more
interest in what archives can tell about the people, events,
actions, and other things in the past than about the
characteristics and relationships of records as such.

The articulation of ART begins with the precondition that a
researcher has identified records of interest and been granted
access to them. Facets of the articulation that are most directly
related to core archival concepts will be described below, but
first we present the motivations for ART and criteria that guide
its development. Ideally, ART applications should be available
to researchers to use at their discretion.

The primary motivation for ART is its potential benefit first
of all for researchers, but also to archival programs. Facilitating
research in archives and enhancing its fruitfulness directly
benefits researchers and it should increase support for archival
programs because the value of historic archives is realized
when they are used. Smart technologies offer the greatest
potential for realize such benefits. Smart technology includes
not only artificial intelligence (AI), but also other well-
grounded and well-proven technologies that avoid AI’s
problems like hallucination and accountability. Our strategy is
to facilitate the use of different types of Al appropriate for
exploration and discovery complemented by other technologies
that ensure the quality, appropriateness and coherence of



discovered data, enable sophisticated analysis, and offer
possibilities for cumulative and collaborative benefits both
among researchers and between researchers and archival
programs. This reinforces ART’s focus on digital archives.

Several criteria that follow from the orientation towards
digital empowerment can also improve the quality of research
results. Criteria that guide the development and application of
smart technologies to support research include:

Clarity: definitions of terms of ART should be
unambiguous, univocal, applicable to any data found in or
generated from research in archives and readily implementable
in software. Clarity requires not using the term, archives, as
used in AMT where it has four different meanings: (1) the
archival fonds produced by a records creator in its activity, (2)
a building where the records are stored, (3) an organization
responsible for them, (4) the totality of the holdings of such an
organization, even when they include multiple fonds. Things
are even worse with AMT concept of ‘provenance’ whose
meaning has been the subject of debate for decades and where
proposed alternatives would bring so many disparate factors
under its umbrella that, if adopted, would make the term
unworkable [7]. Provenance, however defined, has shown its
value in managing archives, but it is not needed in research in
archives because ART researchers have already identified
records they are interested in, and ART leaves it up to each
researcher to determine what types of things that could
influence the production of archives are relevant in a given
research project and to explore whether and how these factors
shaped the records that are valuable for their research
objectives.

Comprehensive: production and management of research
data should be grounded in a compressive schema that
encompasses all the types of data that researchers may look for.
Doing this requires many terms that are not necessary for
management functions. Given that archives can document any
and all human activities, a comprehensive schema has to be
articulated at a high level of abstraction. We are doing this in a
way that enables both extension for increased specificity and
adaptation for different needs.

Consistent: empirical, logical and functional consistency is
necessary to support application of smart technologies and to
generate high quality results in generating and extracting data
from research in archives and in subsequent analysis.

Cumulative: it should be technically possible to accumulate
data found in or generated from archives in a single structured
data store. The compilation of data should not be constrained
by organizational boundaries; that is, it should be possible for
archival institutions to complement their linked open data with
data generated in archival research. Given ART’s precondition
of approved access, a researcher should be able to compile data
acquired from different archival portals whose use is required
because of variant access rights and restrictions. It would also
be valuable for researchers if the data store could encompass
data from sources other than the records themselves, such as
archival descriptions and appraisal reports and also other
sources, such as histories, linguistic analysis and findings of
social sciences.

These four criteria are technical in nature. Others relate to
the substance of research in archives:
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Implementation of ART should facilitate collaboration. It
should be possible for researchers to access and use data that
resulted from prior research in the same records, provided the
earlier researchers agree to sharing. This entails some
management challenges in that a researcher who agrees to
share data should have the option of stipulating that the sharing
not reveal the researcher’s identity. However, the data would
have to be linked to the researcher to enable that researcher’s
work over time. Ideally, researchers should be able to share
selectively in order to protect original research findings.

Another criterion addresses a fundamental issue in research
in archives: discerning meaning. It should be possible for
researchers to recognize, determine and utilize differences
between what things in archives mean to them and what they
meant to the parties involved in producing the archives.
Appreciating what things meant in the past cannot achieved
solely via definitions that were contemporaneous with the
documents in archives. Consider named entities. AMT needs to
address the issue that an entity designated by a name, such as a
nation, can change over time. But ART needs to recognize that
what a name meant to someone creating or using a record could
vary significantly between instances and in different contexts.
What “America” meant to someone deciding to emigrate to the
U.S. was probably very different from what it meant after
several years living there, and between what it meant as an
epithet for the general situation in which a person found herself
and in different interactions with government agencies.

Closely related to discernment of meaning is complexity. A
researcher may apply concepts that are posterior to, different
from and even unknown or unknowable to people involved in
the production of archives. Nevertheless, such concepts can be
appropriate to and even enrich interpretation of historical
materials. Examples include applying modern medical
knowledge to understand the morbidity and mortality that
resulted from the introduction of contagious diseases in the
colonization of the Americas and using techniques such as
ground penetrating radar or electron microscopy in
archaeological discovery and analysis.

IL THE AIM: MAXIMIZING INFORMATIVE POTENTIAL

An archive can be seen one dimensionally as an
information store. ART looks at an archive from a two
dimensional perspective in which an archive is not seen as a
static repository of information but as having informative
potential, the ability to provide information responsive to
specific interests [18]. Informative potential is determined by
the intersection of what an archive is and contains with what
someone wants to learn and how they go about learning. ART
distinguishes three dimensions of the informative potential of
an archive. The first is what can be learned from the face of
records: their explicit form and content. The second comes
from their interrelationships, both the archival bond as a whole
and the subgraphs and edges within it. The third comes from
the context of archive production, not only the activities of the
archive producer, but also the roles of interacted in those
activities or reacted to them.

I11. TERMS OF ART

ART’s formal terminology is extensive, comprising all
terms defined in the ART schema. This section only addresses
terms that have a broad scope and correlate with, but differ,
from major terms in AMT. Other terms that are not common in



AMT, but are taken from other disciplines and used as defined
in those disciplines are note defined in this article.

Archive: ART departs from common archival terminology
English by using ‘archive’ in the singular. The multiple senses
of ‘archives’ mentioned above are only part of the motivation
for this departure. The main reason is ART adopts Cencetti’s
concept of the archive as a “universitas rerum,” a closed
cosmos or ensemble that differs from other collections, such as
those of libraries and museums, in that all its constituents are
related by their use by an agent in an activity [4]. In
mathematical terms, an archive is a complete non-uniform
hypergraph. It is complete in that there is nothing (no node) in
it that is not related to at least one other node by its actual or
expected use by an agent in an activity. It is non-uniform in that
there is no reason to restrict the number of nodes that can share
a relation (edge) a priori. For example, a record series can
contain any number of dossiers and a dossier any number of
records.

The concept of archive as closed cosmos is the basis for the
concept of the archival bond. The archival bond has often been
equated with the filing system in which records are organized.
ART recognizes that an arrangement of records in a filing
system expresses the archival bond but, it is not equivalent. For
example, in organizations the existence, documentary
characteristics and content of many records conform to
directives, but copies of directives are not included in the case
files that implement them. Furthermore, the archival bond
includes relationships establishes by inclusion explicit
references and hyperlinks between records.

Archive producer: On its face, ‘records creator’ is a
misleading term. An agent does not create any received
message. In the InterPARES glossary, something becomes a
record when the agent sets it aside for reference or use Fidelity
to the concept of the archival bond does not even require that
the agent keep a record. But it is necessary that the agent keep
it for it to be part of that agent’s archive (see discussion of
‘record’” below) [28]. The archive producer is the agent
responsible for assembling and keeping the records that
constitute an archive.

Record: Given Cencetti’s definition of the archival bond, it
is ontologically prior to and independent of whether an
information object is subjected to a records management
regime. The threshold criterion in ART is that a record is used
by an agent in an activity. In this sense ART’s definition of
record is closer to the common sense use of the term than to
archival definitions. Consider a case where the archives of two
individuals include their correspondence. Suppose one archive
includes a letter received from the producer of the other, but
that letter is not in the author’s archive. Provided the archive
that does contain it is seen as trustworthy, the received letter
does relate to its author’s activity. Not only does it satisfy the
definition, but it would be reasonable for a researcher to
consider it a record of the author’s activity.

The keeping and organization of an archive by its producer
increases its informative potential. ART accommodates this by
defining two dependent types: kept record and managed record.
They are both subtypes of record. A kept record relates it to an
action the archive producer took to have physical possession or
to control the retention of the record. A managed record relates
it to a records keeping regime. The kept record type allows

XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX IEEE

ART to accommodate the concept of record as sediment that is
mentioned in the introduction to the Dutch manual and has
been developed more formally in Italian archival tradition [10]
[16]. Managed record also allows ART to treat information that
an archive producer does not keep, but regularly uses in its
activity, such as a proprietary online information resource that
the agent subscribes to in order to obtain information critical to
its activity. Knowing how an agent selected, obtained and used
such data would be essential to a researcher trying to
understand how the agent carried out its activity.

Archival ensemble: ART uses ensemble, rather than
aggregate, to designate sets of records at any level within an
archive. A pile of rocks is an aggregate. A stone wall is an
ensemble. Ensemble better indicates that series, sub-series et al.
are put together by the archive producer and that action
increases their informative potential.

IV. THE ART APPROACH

ART builds on concepts and perspectives from other
relevant disciplines, especially semiotics, Constructed Past
Theory and type theory.

A. Semiotics

The challenge that researchers face in recognizing and
respecting differences in what archives mean to them and what
they meant to their producers entails a challenge for archival
programs that support research: respecting variant approaches
and meanings of different researchers. ART address such
variations via semiotics, the discipline that studies how
meaning is determined. Traditionally, semiotics has focused on
the sign as the basic unit of meaning. In the dominant strand of
semiotics, a sign is something that stands for something else in
some way for someone. For example, the color, red, can
represent anger in some cultures and good fortune in others.
Although the terminology varies, the elements of a sign are
often call the object, what it refers to, the sign vehicle, which
stands for the object, and the interpretant, how the other two
are related.

Bio-, cognitive, and computational semiotics, substantially
enrich possibilities for discerning and respecting differences in
meaning. Biosemiotics expands the focus of traditional,
philosophical semiotics from humans to all living organisms
and from the sign to how meaning is determined in the context
of organisms’ interactions with their environment [13] [20].

Cognitive semiotics combines the theoretical sophistication
of semiotics with the empirical methods and findings of
cognitive neurology and psychology [23] [32]. Its
differentiation and integration first, second and third person
perspectives on meaning can contribute to distinguishing what
records meant to the persons who produced them, persons to
whom they were addressed and persons who were the subjects
of record content, as well as to researchers and others, who
interpret records after the fact [5] [17].

Computational semiotics applies semiotic concepts to
systems, applications, and human/computer interactions. Like
biological systems in biosemiotics, computational semiotics
treats systems as operating in sign-based environments where
meaning emerges through interaction [11]. Computational
semiotics supports use of semiotic concepts in development of
applications for ART as well as in understanding the impacts of
information and communication technologies on how humans



determine meaning; for example, how computer applications
can serve as proxies for human cognitive actions. This insight
can be very helpful in research not only in born-digital archives
but also to any case where computers have a significant impact
on activities, whether documented in digital or analog form [8].

The ART schema, as illustrated in figure 1, below,
incorporates semiotics’ distinction between type and token,
where type is abstract and token concrete [14]. ART uses
‘semiotic object’ instead of ‘type’, reserving that term for the
supertype of all other types as it is used in type theory. An
obvious example of the relevance of this distinction to the
archival domain is that of directives. Every organization has
directives and typically a system which identifies all the basic
directives they need. For example, DoD 5015.2 designates the
Department of Defense’s records management directive.
Directive is an abstract subtype of document. DoD 5015.2 is a
still abstract subtype of directive, unique and global for the
DoD directives system, but instantiated in tokens that are
successive versions. ART defines two subtypes of token:
impression and expression. An impression is an instantiation
within a system, such as a brain or a computer, and is correctly
interpretable only within the confines of that system or other
interoperable ones. An expression is an instantiation outside of
a system, such as printed on paper, displayed on a screen or
made audible through a speaker, that can be interpreted by
different systems or agents. In this, ART follows the pattern of
functional programming languages where input and output are
pushed to the periphery.

The use of semiotic object also serves to differentiate
between a sign, which has only one meaning in any context,
and constructs with multiple meanings. Sign is a subtype of
semiotic object that relates a single referent to a single object. A
semiotic object can be a composite in a reflexive relation,
where parts themselves can be semiotic objects. Parts of a
composite semiotic object can have meanings that differ from
that of the whole as well as from those of other parts.

B.  Constructed Past Theory

Constructed Past Theory (CPT) uses semiotic concepts to
address the complications of discerning and respecting
differences between what things meant to people in the past
and their meanings for those who want to learn about the past.
CPT echoes the findings of cognitive neurology and
psychology that our memories are not things we store in
particular locations in our brains, like documents in file folders,
but are embodied in neural networks that are subnets of the
entire brain and that memories are not simply recalled, but
dynamically reconstituted by activation of neurons in those
networks in combination with current perception, cognition and
even emotion [3] [24]. Analogously, CPT asserts that anything
we say or write about the past is a product of cognitive
construction. The product is a constructed past. CPT enables
fine tuning ART to support an open ended variety of research
questions and approaches. [27].

CPT defines the things a researcher is interested in learning
about: the who, what, when, where and why, as the sphere of
interest. Different researchers can apply different approaches in
the way they formulate questions, the criteria that characterize
suitable and sufficient answers and the way they analyze data.
CPT designates the application of a particular approach to a
sphere of interest as determining an intentional domain that
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shapes the conduct of research. CPT characterizes research
with any significant level of complexity as a dynamic process.
Findings or insights gained at any stage of the research can lead
the researcher to modify the intentional domain.

To facilitate clear distinction between what something
means to a research and what it meant to someone involved in
the activities that generated archives, CPT distinguishes
information found in archives, as information from the past,
from information produced in interpreting archives or other
sources as information about the past [27].

C. TDype Theory and TypeDB

To satisfy the criteria guiding the development of ART,
CPT grounds its data model in the mathematics of type theory
and implements it using TypeDB data management software.
Type theory provides unrivaled expressiveness and logical
cogency for modeling complex domains through its ability to
encode both data and logic within a single coherent framework.
Its suitability and advantages for developing computer
applications is evident in the use of typed lambda calculus as
the basis for functional programming languages. Application of
type theory in linguistics demonstrates its suitability for
analyzing the natural language documents in archives [1] [15]
[26].

TypeDB is open-source database management software that
embodies a new paradigm for data management grounded in
type theory. This paradigm extends and enriches the entity-
relation model in a polymorphic entity-relation-attribute
(PERA) model. The TypeDB data model establishes entity,
relation and attribute as root types, offering substantial
advantages for elaborating a high level schema of the variety of
things relevant to different research agendas. The PERA model
provides expressivity and coherence for modeling complex
domains as well as for relating data obtained from a variety of
sources [19] [21]. TypeDB facilitates articulating schemas that
more fully and faithfully reflect domain knowledge than other
alternatives. Its expressive schema model and intuitive query
language make it ideal for representing the interconnected,
evolving knowledge generated in constructing a target past [2]
[25][30] [31].

The advantage of using type theory and TypeDB is evident
in the basic task of categorizing things of interest. Systematic
classification in classical ontology and taxonomy is binary and
permanent. In contrast, type judgements are contextual [24]
[29]. The same thing can be said to inhabit different types
depending on context. One obvious example is that the output
of one system can be input to another. This example can be
generalized to all communications. A message sent by one
agent is a message received by another; moreover, a received
message can be cast in the role of impetus for a response by the
recipient. The PERA model also provides clear criteria for
differentiating entity from relation and both from attribute. An
entity is something that exists independently, whereas a relation
is a dependent type. A relation can only exist if there is at least
one entity or other relation that has a role in it. An attribute,
also a dependent type, characterizes something, in TypeDB
either an entity or a relation.

V. THE ART SCHEMA

Figure 1, The ART Activity Niche, shows a small part of
the ART schema, but one that illustrates how we approach the



challenge of creating a schema to encompass as wide a scope
as possible of what can be learned from archives; how doing
this entails differences from AMT; and also demonstrates
merits of technological choices we have made for developing
ART. Besides the selective view of the schema presented in fig.
1, the schema as a whole is a work in progress. Even things
articulated at this point are subject to revision.
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A. Iconography

In Fig,1, rounded rectangles represent entities and
diamonds represent relations. Arrows point from relations to
things that have roles in them. Labels on these arrows identify
the roles. Arrows with hollow heads point from subtypes to
their supertypes. Dashed lines indicate placeholders for
elements that have not yet been formally defined in the ART
schema. Groups of things that are directly connected are color
coded for visual clarity.

B. Typology

The figure illustrates the expressivity of a type theoretical
approach and its implementation via TypeDB. It shows how
both entities and relations can have roles in relations. For
example both event and reaction have roles related to action.
Technically, in a TypeDB schema, a role is an interface.The six
types of roles in the action relation (active, passive, stimulus,
response, enabler, condition and outcome) demonstrate support
for n-ary relations. The condition relation illustrates multi-level
inheritance, with control, norm and environmental control as
direct subtypes and each of these subtypes having their own
subs. Norm illustrates polymorphic interfaces: two of its role
players are entities while the third is a relation. Fig. 1 also
illustrates that type casting is contextual rather than categorical.
The same types of entities that could play the role of agent in
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an action might also play the role of patient, a party affected by
an action. A patient in one action can be an agent in a reaction
to it.

Similarly, the material environment includes fossil fuels,
and fuels can be related to some actions as products and others
as material resources. This example shows another major area
where ART goes beyond AMT. AMT only addresses material
things related to records, such as medium, storage, movement
and preservation.

Another aspect of polymorphism is overwriting. Control is
a subtype of condition; therefore, it, like every subtype, inherits
the condition role. However, control overwrites that role by
specifying that the controlling role is one exercised as authority
by government or management, while resource owner and
supplier exercise control over availability.

Fig. 1 also illustrates that there can be reciprocal relations.
A action is the stimulus for a reaction to it, while the reaction is
a response to it.

All the elements in figure 1 are abstract. Concrete instances
belong to subtypes, often several levels lower than those
shown. For example, in the figure a data store is a subtype of
semiotic resource. Data store has subtypes like data warehouse,
data lake and database, and database has its own subtypes, such
as relational and graph oriented.

C. Substance

Fig.1 focuses on action because an archive documents and
is a product of action. Both the content and structure of an
archive correlate with the archive producer’s activity. Having a
detailed and rich model of activity effectuates the concept of
the archival bond. While not explicit in fig. 1, given that the
formation, management and use of records are actions, the top
level action schema can be and is being extended for actions
related to the production, use and management of records and
archives.

Figure 1 is labelled as activity niche because in the ART
schema all action occurs within an activity niche which
encompasses not only things that have specific relations to the
activity of an agent, but also everything that might be involved
in it. Activity niche is an adaptation of the biosemiotic concept
of semiotic niche. Biosemiotics asserts that meaning is
determined not by a living creature acting autonomously, but in
dynamic interaction between itself and its environment. This
interaction generates a semiotic scaffolding in the niche and the
scaffolding shapes how the organism reacts to or interprets
things it encounters [12] [20] [22].The meaning of things
involved in action are determined by their situation in the
scaffolding, including how structures and patterns in the niche
shape an agent’s understanding, expectations and decisions.
The semiotic niche generally, and the activity niche in
particular provide a framework for discerning what things
meant to people involved in an action. For research in archives,
the activity niche is the immediate context in which the archive
producer’s actions take place It encompasses not only things
that have a direct filiation to those actions, but also things
related to others who contribute to, react to or otherwise are
involved in the archive producer’s activity.

The core of fig. 1 comprises the complex of event/action/
reaction relationships. Everything else in the figure relates to
this complex; however, fig. 1 is a selective view that does not



include everything related to the core. In ART an event is
something that happens, that changes something that was, a
prior state, to something different, a post state. Fig. 1 does not
address cardinality, but a single event may relate changes in
several things.

Action is a subtype of event in which something capable of
acting with some degree of autonomy does something — in the
role of agent — that causes an event to happen or influences it
in some way so that it is different from what would have been
the case had the entity not acted. Thus, the agent role is causal.

The third element of the core, reaction, is a subtype of
action. It is distinguished from action in general in that a
reaction must have an action in the role of stimulus. The
connections between action and reaction are reciprocal. Action
is a stimulus for reaction and reaction is a response to action. A
reaction might have other stimuli besides action, as illustrated
by the role of event as stimulus for a reaction.

An agent has an active role in action. The figure shows five
types of things that can play the actor role. Person is an
individual. Family is a socially defined group of individuals
connected by relationships of kinship, marriage, partnership, or
adoption. Organization is a group that has a persistent identity,
structure and norms. An organization, or some other entity that
has authority over it, chooses its members. In contrast, a
collective is a group that interacts voluntarily and ad hoc, such
as commenters on a social media channel. In an organization,
actions are determined by membership status while in a
collective, membership is entailed by action. A proxy acts in
the place of another. It could be a spokesperson, an official of
an organization or even a computer system, such as a financial
system that accepts payments and makes outlays. While a
proxy should act only as directed, an intelligent system has
some degree of autonomy and may act in ways not strictly
controlled or intended. Currently, intelligent systems are
limited to AL

As fig. 1 shows, the entities that can be agents can also be
patients. Patient, a term imported from philosophy and
linguistics, is somebody or something, such as an intelligent
system, that is or might be affected by an action. Illustrating the
contextual nature of type judgments, something can be an agent
in one action and a patient in another, notably as shown when
one action is a reaction to another.

In addition to the agent role, ART recognizes two other
types of causality shown in fig. 1: resource, which enables an
action to occur, and condition which shapes or constrains it.
Here too the contextual nature of type casting can be found. For
example, roads and airport landing strips are elements of the
environment. In travel and transportation, they are also
enablers.

Resource relates something that enables an action to an
action it enables. There are two roles in which something can
enable an action: consumable resource and facilitative resource.
A consumable resource is something that is depleted or used up
in action, while a facilitative resource contributes to the
accomplishment of an action but is not necessarily depleted or
altered in that role. For example, many types of information
technology support transactions, but are unlikely to change
unless a bug or other problem surfaces in use.
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A condition is a relation in which something shapes an
action either positively or negatively. It has three subtypes:
control, norm and environmental condition. Controls can
operate either though authority or by determining availability
of resources, as show by the two control relations that
overwrite the condition role of the condition relation. Controls
often have negative repercussions imposed by the entity
exercising control if not respected. In contrast, adhering to
norms is basically voluntary, unless an entity exercising control
makes it mandatory. A formal standard is one established by a
formal standards organization for a domain of action. In
contrast, an advisory is ad hoc and addresses a specific action
or type of action, such as a written or oral recommendation
from a consultant. Expectation is not yet formally defined. It
could be particular to an agent, such as what the agent expects
to be the result of an action. It might also be what a social
group expects.

As stated above, fig. 1 does not include everything related
to action. Some types not included can be readily inferred, such
as multiple layers of subtypes of resources and conditions.
Some can be guessed as obviously missing, such as what
constitutes an expectation relevant to an action. Some might
not be obvious, such as the multiple subtypes of agent and
patient roles recognized by ART. The ART schema is a work in
progress, most obviously apparent in fig. 1 by the
environmental elements, which have dashed lines to indicate
that they need further refinement.

Action in figure 1 is generic, not specifically about actions
related to records, which are only represented in the figure
under the general rubric of archival resource.

VI PROSPECTUS

ART research has been underway for over three years.
Many challenges remain in the agenda. When fully developed,
starting from the precondition that a user has found and been
granted access to records of interest, ART could be
implemented in different configurations according to
administrative and technical choices.

Administratively, an archival program could implement an
ART system whose use is tailored for and limited to that
organization. But several organizations might collectively share
a system. A shared system could have full functionality or each
program might have a different front end that assists
researchers, and staff as well, in exploring its holdings and a
common back end for compilation, organization, analysis and
sharing of data. Each program could choose front end
technology that is particularly apt for the types of records and
ensembles involved. For example, a program whose holdings
are principally scientific data sets might choose a front end
solution best suited to structured data. A program whose
holdings have a large percentage of scanned textual documents
might prefer a front end solution that could readily
accommodate new technologies that offer advanced ways,
beyond OCR, to mine such records. Organizations, such as
national archives, that have a variety of holdings might pool
resources to have a common front end that offers a
corresponding variety of functionality.

Whether a comprehensive ART system or differentiated
front and back ends are chosen, there are distinct requirements
for data mining of archival resources and for making sense of
the resultant data. The ART back end will be a system with a



comprehensive and coherent semantics and syntax optimized
for realizing the informative potential of the data, as well as for
sharing data among researchers and programs within
appropriate access controls. The foundation for the back end is
the ART schema. The back end should include functionality for
data validation and quality assessment, such as type
assignments, and verification of logical relations, such as start
dates being earlier than end dates.

Interoperability of front and back ends could be achieved
by enabling front ends to output data that can be ingested into
the back end. It might require intermediaries, such as smart
applications that could convert front end tags into the ART data
model. In an ideal scenario, an intermediary would be able to
extend or overwrite elements of the ART model in order to
respect the special characteristics of data that emerges from
research in archives.

Along with development and implementation of the ART
schema, the current research agenda includes experimenting
with technologies for front end functionality. We are currently
exploring deep reinforcement learning for this purpose. We
intend to evaluate other options as well, for the intermediary
and back ends as well as the front end of ART. Exploration of
current options is primarily for proof of concept. Future
developments in IT may offer better options than those
currently available. Hence, the priority in our research is to
develop a comprehensive and durable conceptual foundation to
support research in archives. This foundation is being laid as a
TypeDB schema.
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