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Abstract. This paper argues that using Socio-Technical Interaction Networks to build on extensively-used Digital Li-
brary infrastructures for supporting Open Science knowledge environments. Using a more social -technical approach
could lead to an evolutionary reconceptualization of Digital Libraries. Digital Libraries being used as knowledge envi-
ronments, built upon on the document repositories, will also emphasize the importance of user interaction and collabo-
ration in carrying out those activities. That is to say, the primary goal of Digital Libraries is to help users convert infor-
mation into knowledge; therefore, Digital Libraries examined in light of socio-technical interaction networks have the
potential to shift Digital Libraries from individual, isolated collections to more interoperable, interconnected knowledge-
creating repositories that support an evolving relationship between open science users and the Digital Library environ-
ment.
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1 Digital Libraries as Socio-Technical Systems

The purpose of this short paper is to suggest that the use of a social informatics framework could be helpful in exam-
ining the potential ways in which Digital Libraries (DLs) may support the practices of open science. DLs have become
increasingly fundamental to conducting research [1,2], and there is a corresponding need for them to not only support
intellectual work, but also to transform into sites of collaborative knowledge production. The structure of this paper is
as follows: First, it argues that DLs are socio-technical systems that deserve study as such. Next, there is a brief intro-
duction to the underlying premise of social informatics (SI) and the strategy of socio-technical interaction networks
(STIN) for examining how DLs can be examined. This is followed by a concise analysis, concluding with what may
be some outcomes of using this underutilized strategy for open science. It should be noted that this paper is introduc-
tory in nature. Its objective is to argue for the refocusing of technical infrastructure to include more socio-technical
elements. Thus, this short paper only presents a preliminary framework, and does not include specific evidence; future
work will include research questions, data, and findings.

DLs can be thought of as “socio-technical systems” composed of an “interrelated and interdependent combination of
people, their social and work practices, the norms of use, hardware and software, the support systems that help users, the
maintenance systems that keep them operating” [3]. That is to say, technical systems are interacting within an institutional
and cultural context, and as such the technology informs the social and vice versa. Furthermore, these socio-technical
processes essentially demonstrate collaboration between human and nonhuman actors, as they are assembled and reassem-
bled in different ways to different ends [4].

In contrast, open science and the researchers engaging in the practices of open science operate in a similar socio-tech-
nical knowledge ecosystem. Open science practices may vary with the individual, but nevertheless rely heavily on collab-
oration within communities of practicing researchers. This collaboration among themselves is facilitated by the dependence
upon an ever-improving and advancing digital infrastructure—often to the point of success or failure of their entire projects
[5]. Researchers may practice in communities or groups, or teams, embracing the groundwork created by those before
them, or be a pioneer themselves incorporating flexible (or sometimes work-around) features of DLs. Open science relies
on DLs to support, construct, and build these different kinds of knowledge communities that use their content and services
[6].

While prior DL research has thoroughly explored social-community practices, or the technical-system features of DLs,
a comprehensive search of the literature shows that it has rarely intersected to include both the social and the technical.
The socio-technical exploration, i.e., the mutual, concurrent, and reciprocal shaping of technology and society [7], has
largely been under researched. This paper is proposing that this intersection is precisely what should be considered for
future exploration. DLs have an opportunity to contribute to open science by improving already existing DL platforms and
tools, thereby enhancing their open science practices, and their interconnected communities and collaborations.

Already in the past few decades, DLs and their architects have largely transformed and modernized scholarly publishing,
the philosophy behind academic and research libraries and universities, the methods of access to information resources,
intellectual property practices, and the very relationships between authors, libraries, publishers and readers [3]. Thus, it is
argued that by conducting a holistic examination into the relationship between the social and technical, the outcome will
provide more meaningful data on the implications for DLs to generate more support for open science communities and
collaborative practices. The socio-technical approach | propose is not new (it is in fact an underutilized social informatics
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approach), and it is a strategy for identifying, organizing and comparatively analyzing a) the patterns of social interaction
within a system’s development, and b) the configuration of components that constitute an information system [8].

2 Social Informatics and the Emergence of Socio-Technical Interaction Networks

The premise of Sl is that it focuses upon the relationships between information and communication technologies (ICTs)
and the larger social context in which they exist [9]. For decades, DL programmers, librarians, systems specialists, users,
scientists, researchers, and institutions have already been working collaboratively to build, innovate and sustain DLs. Spe-
cifically, conducting Sl research means a shift to reframe the focus on understanding “the interdisciplinary study of the
design, uses and consequences of information technologies that take into account their interaction with institutional and
cultural contexts” [10]. SI researchers hold several premises. First, CTs and the social and organizational settings in which
they are embedded are in a relationship of mutual shaping [10]. Second, their analyses frequently challenge commonly-
held assumptions about information technologies, and often attempt to improve the lives of the people who work and play
with ICTs [10].

Designed to provide a specific tool for understanding socio-technical systems in a way that advantages neither the social
nor the technical aspects of a system, the STIN strategy was proposed as a framework for Sl analysis 413]. In the early
2000s STIN was used to examine topics in which we are concerned with today DLs and the advancement of open; scholarly
communication forums [ibid], democratization of scholarly publishing [12], web information systems [13], online com-
munities [14], and DLs [15].

The most extensive study was conducted by Kling et al. in 2003 [9], where they conducted one of the most extensive
analysis using their STIN strategy. They examined what they called electronic scholar communication forums (eSCFs).
At the time these might have been considered to be DLs in their own right: arXiv.org, Flybase, ISWORLD, and CONVEX.
One of their conclusions was that “technological developments themselves will not overcome issues embedded in the social
contexts into which the technologies are introduced” [9]. Another important finding was that an understanding of the
business models of the supporting organizations was necessary to understand the STIN, and that an understanding of the
social relationships imbedded in the STIN was helpful in understanding how the technological innovations of electronic
publishing were used and sustained. Their findings highlight the interconnected nature of knowledge creation, i.e., the
many stakeholders and the interactions, organizations, systems and relationships that support the eSCFs.

Philosophically, there are two main rationales for embracing a SI approach. First, the goals and achievements of SI are
congruent with the researchers’ objectives and motivations. Second, a holistic method of investigation assumed by SI
research provides more meaningful data. SI researchers aim to develop “reliable knowledge about information technology
and social change based on systematic empirical research, in order to inform both public policy issues and professional
practice” [16].

Kling et al. established a series of theoretical models and frameworks for supporting the transition between descriptive
data, interviews, observations, and results that would be useful to wider communities [11]. The STIN strategy drew from
other established Sl theories such as the Social Construction of Technology (SCOT) [17] and in parallel to, but inde-
pendently of, Actor Network Theory [18,19].

3 Using STIN Strategy to Examine Digital Libraries

STIN is not traditionally referred to as a theory because it doesn't lead to strong predictions [11]. Instead, it is typically
referred to as a framework or a strategy [20]. For the purposes of examining DLs, the elements used in conducting a STIN
study may form a theoretical viewpoint, in that they are arranged in a way that implies a pattern of relations among concepts
or even possibly the basis of a theory. The elements could define how the researcher perceives the issue and then how the
researcher could address the challenge of answering the research questions.

All of the various elements involved in a network are considered nodes. These nodes are likely to include people, groups,
organizations, devices, infrastructures, resources, processes, content, and policies. The nodes are not static elements, but
interactors. The networks are dynamic, and the focus is on the relationships between elements.

STIN research is implemented by following the eight heuristics and include:

H1. Identify interactors (likely actors, their roles, and their needs);
H2. Identify core interactor groups;
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H3. Identify incentive structures (such as a business model or motivation);
H4. Identify excluded actors and undesired interactions;
H5. ldentify existing communication forums (communications systems or ecologies) and their relationships to this
STIN;
H6. Identify resource flows (following the money);
H7. Map architectural choice points (technological features or social arrangement in which the designer has histori-
cally selected alternatives);
H8. Describe viable configurations and trade-offs.
From the eight heuristics above, a standard model is built and then subsequently disassembled. Its purpose is to abstract
a series of underlying commonly-held assumptions about the information system’s design of study. For example, for Kling
[11], the standard model was built from literature about electronic scholarly communication forums. By building a standard
model, researchers can incorporate conceptions that are incomplete or left out of the standard models. "What is left out of
the standard models are important features of very specific technologies and settings in which people try to use them, the
organizational complexity in which IT-based services are provided and embedded" [11: 49]. In contrast to the standard
model, the alternative STIN model helps “to map some of the key relationships between people and people, between people
and technologies, between technologies and their infrastructures and between technologies” [11: 49].

4 STIN Analysis for DLs

The usefulness of the STIN heuristics is entrenched in thirty years of technology analysis. First, H1 interactors are under-
stood to include both human and non-human actors [11: 66], as well as non-material elements such as standards [21] and
processes and traditions, potentially including dispositifs [21: 61]. Instructing the researcher to group these interactors as
evident in H2 draws attention to their interactions. The organizational relationships between groups of people may have a
greater impact within the STIN than dyadic human-computer interactions [22, 21].

Incentive structures H3 are identified as business models at a macro level, while at a more micro-, personal level, they
need to be considered in terms of motivations. For example, open science researchers adopting a new technology for open
publishing need to consider how time spent on this will have an impact on the time available for activities which tradition-
ally further their career, such as publishing papers in closed high-tier journals for promotion or tenure. Kling et al. [11: 57-
8] use the term “communications systems” for H5, communication ecologies and existing communication forums to de-
scribe the participant’s communications systems, including non-digital systems. These are predominantly understood as
networks of people, rather than devices and wires [13, 21].

One of the strengths of the STIN approach for studying systems is the direction to look beyond the network [24]—first
by identifying those who are the excluded actors under H4, and then by identifying the wider communication ecologies in
H5 which interact with the STIN. The external elements can reveal vital perspectives, both in terms of the impacts of a
system and influences on its development and use. These attentions are important where exclusion is a concern and suc-
cessful participation requires the interaction of diverse stakeholder group in DLs and open science communities. Identify-
ing undesired interactions within H4 draws attention to the experiences supported by the system. Interactions should also
be considered in terms of privacy and surveillance [11: 57].

While it is useful to consider resource flows H6 in terms of following the money, the researcher is also reminded to
think in terms of “resource dependencies” and “account-taking dependencies” [11, 13]. “Resource dependencies” relate to
interactions which need funding, knowledge, skills, prestige or trust; “account-taking dependencies” relate to links or in-
teractions based upon some kind of social rating [13: 102]. Resource flows also draw attention to infrastructural elements,
as sooner or later these need skilled attention and financial investment.

Mapping architectural choice points under H7 relates to technical systems, but it can also refer to social processes. The
researcher is directed towards the history of the system, to look at the points where choices have been made which may be
considered as forks in the path of the development of the system.

Finally, H8 describes viable configurations and trade-offs. This step supports the researcher to think beyond the present
system and consider potential changes (alternative configurations).

The data on which STIN models are based may be gathered through various methods, including interviews, observation,
and studying materials associated with the network [9: 66]. If a STIN approach is established before data collection, the
eight heuristics can be used to inform the design of instruments, such as the interview protocols.
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There are several limitations that are worthy of awareness with STIN and with Sl research in general. The first stems
from STINs use of a variety of data collection methods: “combining the need for extensive data collection with the com-
plex conceptualizing of socio-technical phenomena means it is a difficult methodological toolkit for many scholars” [23:
12]. A second STIN limitation is the talent to successfully identify and analyze STINs, which is deeply dependent on the
interview skills of the researcher and their ability to obtain information from respondents, not to mention gaining access
to individuals and organizations.

5 Can STIN Help Us Build Better Digital Libraries for Open Science?

As the goal of using Sl and STIN strategy is understanding more thoroughly the relationships between social and DL design
(ultimately to provide more meaningful support and facilitate open science communities and collaborative practices), there
is much diversity within the different DL and open science communities. There are even more ways of collaborating, and
the considerable numbers of stakeholders in both communities emphasize the need for a more holistic approach to support-
ing and understating how the two can work together. For example, computer scientists may see DLs as relative to databases,
networks, retrieval engines, and other empowering technologies. Librarians might view DLs as extensions of the library,
or as a tool for energizing and accessing information and knowledge. Policymakers often regard DLs as tools for lessening
digital divides and providing equal access. Open scientists may wish for DLs to play a central role in providing access to
information—tools that may assist them in developing and expanding human knowledge and sharing that knowledge.

Nevertheless, after more than a decade of research, there is some scholarly acknowledgement [6, 19, 22] that the capa-
bilities of DLs to achieve a role advancing open science has, in large part, been constrained by its current social and
technological state. Since DLs were initially intended and built to curate, search, and act as networked repositories of
digital resources, they have largely remained in this form. This is not to suggest that these goals are not well-intentioned.
DLs were mainly influenced by their traditional library counterparts (both humans and library systems) as they selected,
collected, organized, managed, stored, preserved, and facilitated access to information. These activities remain important,
and they emphasize developing, maintaining, and improving a collection of digital resources. However, if we wish to
support the practices of open sciences, the next phase of DL development must include an emphasis on how people work
with DL resources to pursue various knowledge-related goals.

In examining and practicing STIN DLs, we consider what people do, i.e., how they interact with digital resources and
each other, and with organizations; and also, who is excluded. By doing this, DLs can transform into more than just search-
able document repositories of knowledge; they become ecosystems that help people create knowledge. DLs are workspaces
with rich content and tools, where people can work independently or collaborate with others to learn and to solve their
problems within the interfaces of the DL.

Using STIN to build on already existing DLs, particularly those that are extensively used as a successful knowledge
environment, will increase the kinds of activities that DLs support. This in turn could lead to an evolutionary reconceptu-
alization of DLs. DLs as knowledge environments, built upon the document repositories, will broaden the kinds of activities
that DLs support, and emphasize the importance of interaction in carrying out those activities. The primary goal of DLs is
helping users convert information into knowledge. DLs examined in light of STIN have the potential to shift DLs from
individual, isolated collections to more interoperable, interconnected repositories that support an evolving relationship
between open science users and the digital library environment.
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