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Socio-Technical Design for
Public Interest Technology

I. INTRODUCTION

RENCH political and social scientist, Ellul [1, pp. 52-60]
F explained that in prehistoric times, invention was a neces-
sity, a movement to ensure humans could survive the elements.
By the beginning of the Industrial Revolution, he noticed an
obvious shift in the reason for invention: from necessity to that
of the special interest of the state. By the 19th century again,
the reason for invention changed to that of the special interest
of the bourgeoisie who could see the profits that could be
generated by the deliberate development of a technique. Since
about the 1600s people have invested their money in stock in
order to receive dividends; this practice became particularly
attractive in the 20th century.

As innovations aided the creation of networked routes by
air, rail, road, and ocean, systems of innovation (SI) evolved to
bring relevant stakeholders closer together both geographically
and in the specialization of various technology types. In our
digital age, the deployment of electronic services means that
complex and open systems are being created in the name of
progress. But how do we ensure that such open socio-technical
systems satisfy the needs of society, through embedding values
by design? This special issue brings together socio-technical
design for public interest technology (PIT), acknowledging the
role of innovation and its place in modern democracies.

II. FINITE RESOURCES AND SELF-DETERMINATION

Throughout history and across geography, communities
of people have encountered structurally similar problems:
for example, common-pool resource management, whereby
a community has to sustain a finite and depletable resource
in the long term by limiting its consumption in the short term;
or collective risk dilemmas, where a community has to invest
in protection against a potential disaster whose occurrence and
severity is unknown.

Such situations can and have been extensively modeled
using game theory [2], with solution concepts (such as the
Nash equilibrium) providing a significant degree of predictive
leverage, and also establishing the basis for the folklore of
the inevitable tragedy of the commons. However, Ostrom [3]
offered an alternative approach to resolving such problems,
observing that many communities successfully managed to
free themselves from the supposedly remorseless constraints
of an operational-choice resource-distribution game (i.e., sus-
taining a shared commons). They achieved this by self-
determination: collectively, voluntarily, and mutually agreeing
to comply with a set of conventional rules (that Ostrom called
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an institution), thereby defining a collective-choice political
metagame which effectively side-effected the outcome utilities
of the object-level (operational-choice) game.

However, according to the iron law of oligarchy proposed
by Michels [4], it is equally tragically inevitable that a minor-
ity should succeed in gaming the political metagame, i.e.,
to engage in strategic manipulation through political machi-
nation [5]. As a result, such sets of rules are exploited so
that the institution operates to further the narrow interest
of a clique rather than the common interest of the entire
community. This is one reason why agent-based modeling
of Ostrom’s constitutional-choice rules (the metagame) is so
difficult (see [6]): it presupposes that the agents are capa-
ble of learning how to exploit the collective-choice rules
within the context of a social network of powerful (or rather,
power-usurping) self-interested agents [7]. Preventing such
manipulation is one of the cornerstones of Ober’s [8] theory
of Basic Democracy, through the agreement on, and entrench-
ment of, foundational rules that are intended to avoid tyranny
in any of its various forms: autocracy, majoritarianism, or
oligarchy.

Fueled by the rapid pace of technological development (in
particular Artificial Intelligence), the Digital Transformation
to the Digital Society, and the consequent increase in the
deployment of ever more complex socio-technical systems,
is bringing about another manifestation of these types of
problem, only now occurring in digital environments or net-
worked infrastructure [9]. One example is provision to (and
appropriation from) data, information, and knowledge in par-
ticipatory sensing applications [10]; another is the idea of
attention itself as a common-pool resource in the so-called
attention economy [11]; and yet another is the use of local
renewables generation and storage to create a common-pool
resource for demand-side energy distribution in community
energy systems.

However, in all these examples, we can observe a tension
between the common good and a commercial or financial
imperative. For instance, in participatory sensing applications,
the “work” is performed at the edge but the benefit (and
profit) mostly accrues at the center. A similar asymmetry of
power exists in the attention economy, as the private owner-
ship of the means of social coordination enables unscrupulous
misinformation and disinformation to monopolize, distract,
and commodify attention, polarize communities, and fragment
common knowledge [12], [13] thereby inhibiting opportuni-
ties for meaningful collective action, e.g., to tackle climate
change. In community energy systems, the Matthew effect is
brought to the fore, as those already with assets can, during
storms, for example, be paid to charge their electric cars, while
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those without have to choose between heating their food or
heating their homes [14], [15]. Where, in all these examples
is the common good, or even social justice—indeed: where
is the public interest [16], [17] in the context of such rapid
technological progress?

III. COMPLEXITY AND TECHNOLOGICAL PROGRESS

Much deliberation has gone into the question of what
constitutes technological progress. Westrum wrote that tech-
nological progress “occurs when better devices replace less
adequate ones.” He emphasized however that innovation did
not always mean progress, that is, a transition to something
better [18, p. 160]. Kuhns [19, p. 11] saw technological change
as an almost “necessary historical and ecological develop-
ment.” But it was Ellul [20, p. 421] who observed that as
the world accelerates into “an astonishing degree of com-
plexity” that it is met with commensurate “new problems
that raise new difficulties.” Furthermore, he noted: “we suc-
ceed progressively in solving these difficulties, but only in
such a way that when one has been resolved we are con-
fronted by another. Such is the progress of technology in our
society.”

In “The Technological Order,” Ellul [20] called attention
to the ambiguous nature of technological progress, noting
that technological progress in itself cannot be deemed good
or bad, but rather the nature of this progress is character-
ized by elements that are both antithetical and inextricably
linked. Elements that contribute to this ambiguity relate to:
the inescapable (nonmonetary) costs of technical progress;
the emergent problems that technique produces as opposed
to those which it solves; the entangled nature of its desirable
and undesirable effects; and the inevitability of unintended
consequences [21], [22]. Ellul’s sentiments on technological
progress, technique, ambiguity, and the associated complex-
ities are valid today, and increasingly so given the digital
transformation highlighted above and the pervasiveness of
technological systems, or more accurately, complex socio-
technical ecosystems within which we exist and form an
integral part. But before we address the design of these
complex socio-technical ecosystems [23] against the value
and role of PIT, it is important to consider how systems
of innovation (SI) form and function and why approaching
phenomena from a multi/inter/transdisciplinary lens is critical
when dealing with complexity and highly meshed stakehold-
ers in open systems [24]. We cannot any longer rely purely on
the disciplines of business and STEM to continue to evolve
our systems thinking practice, and in this way, we are call-
ing for at least a recognition of the humanities and social
sciences in a hope they will infuse our future development
processes [25]. This does not mean that interdisciplinarity does
not come without criticism [26], but that there needs to be
some acknowledgment that science and business must be with
society and not for it. That the reason we create and design
things is for the sustainability of ecosystems rich in biodiver-
sity; and not to deplete for short-term gains. And this takes

a nuanced coordinated effort, where the process is more impor-
tant than products that make interim profits until they reach
market saturation.

IV. SYSTEMS OF INNOVATION (SI)

The SI approach is a holistic and interdisciplinary frame-
work that defines innovation as an evolutionary process, not
as a process for achieving optimality [27]. Edquist [28, p. 21]
explained that “the notion of optimality is absent from the SI
approach. The notion of optimality stems from static equilib-
ria and therefore is not applicable to process of technological
change.” SI emphasizes that firms do not innovate in isolation
but interact with other organizational actors in the economy
(other firms, universities, standard setting organizations, indus-
try alliances, and consortia) within existing institutional rules
of engagement (laws, regulations, codes, norms, and technical
standards). There is a distinction in SI that institutions focus on
laying the foundations of how interactions occur, while organi-
zations are the actors that are engaged in interactive learning.
The strength of SI is in being inclusive of some or all of
the following determinants of innovation—economic, social,
political, organizational, and institutional—and additional fac-
tors that may be found to influence the invention, development,
diffusion, and application of innovations [29, p. 14f)].

Sahal [30, p. 64] in his book Patterns of Technological
Innovation noted that evolution was not just a matter of
“chop and change”; it related to the “very structure and
function of the object.” He stated that innovation was “inher-
ently a continuous process that [did] not easily lend itself
to the description in terms of discrete events” [30, p. 23].
Nelson [31, p. 16] echoed Sahal, when he too wrote that
“technical change [was] clearly an evolutionary process.” He
believed that the innovation generator kept making tech-
nologies superior to those in an earlier existence. However,
as later clarified by Edquist “only superior in a relative
sense, not optimal in an absolute sense... [that] technolog-
ical change was an open-ended and path-dependent process
where no optimal solution to a technical problem [could] be
identified” [32, p. 6].

In 2004, Geels [33] published a seminal article, that
presented the interrelatedness of socio-technical systems;
human actors, organizations, social groups; and rules and
institutions. He provided evidence for the co-evolution of
different literature inclusive of technology and society; sci-
ence and technology; technology and users; technology and
culture; and more. He explicitly made the link between
SI and socio-technical systems. Geels [33, p. 900] distin-
guished between the group responsible for the production
of artifacts, and the group that applied the artifacts in user
practice. In short, the production side was handled well
by SI, and the functional/user side that incorporated the
selection environment was heavily oriented toward socio-
technical design [33, p. 901]. Meta-coordination was achieved
through socio-technical regimes [33, p. 905]. It was the first
real acknowledgment by scholars of evolutionary economic
theory that stipulated that the user was key in designing
systems for groups of people; however, earlier scholarship
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had alluded to co-evolving thought in the wider domain of
innovation.

V. OPERATIONALIZING SOCIO-TECHNICAL DESIGN

While SI “absorb perspectives from different (social sci-
ence) disciplines, including economic history, economics,
sociology, regional studies, and other fields” [27, p. 4], its
weakness was in a preoccupation with the production side.
SI pointed to a process of innovation, but lacked the ‘“how
to” in terms of designing open socio-technical ecosystems
with the end user at the heart of the development pro-
cess. Furthermore, SI loosely considered the end user at
the macro level, and socio-technical systems design valued
not just the end user but all operational and nonoperational
stakeholders [34, Ch. 6], [35], [36, Ch. 2], [37]-[39]. The
design effort was also characterized by the use of socio-
technical scenarios for informing choices to ensure the best
configuration was defined [40]. Scenarios play a pivotal
role in socio-technical systems that consider system innova-
tions [41]-[43]. These limitations can be addressed through
the employment of the socio-technical approach, built on
the foundations of socio-technical theory [44]-[48]. Socio-
technical theory was historically concerned with exploring
the design, redesign, and interventions targeting a primary
work system or organizational unit, in view of the social
and technical components (subsystems) that constituted that
system or unit [49], [50]. Extensions to the theory have iden-
tified the importance of the environmental dimension. The
operationalization of socio-technical theory can be achieved
through a range of design methodologies [51]-[54] incor-
porating individuals and communities in the socio-technical
systems design effort, focussing on stakeholder inclusiv-
ity and engagement through participatory and or co-design
processes [55]-[57]. A particular instance of socio-technical
design, known as value-sensitive design (VSD) [58], [59], pro-
vides a means of operationalization in the context of PIT.
Specifically, identifying democracy as the value, as per the
Democracy by Design approach [61] provides an emerg-
ing, transdisciplinary framework that would facilitate the
design of PIT whereby democracy is the supra-functional
requirement.

VI. PUBLIC INTEREST TECHNOLOGY

And so, we seek to answer the question we began with,
“what is the public interest” [73], [74]? And what role does
technology play “in affecting the good order and functioning
of the community and government affairs for the wellbe-
ing of citizens” [62]? How might technology seek to benefit
society at large, the public, or the community as a whole?
Wellbeing and welfare, in this instance, concern the pub-
lic as opposed to “a private individual or company” [63].
In 2016, Freedman Consulting published several reports after
conducting 60 interviews with support from the NetGain part-
nership, which emphasized the ethic of professional behavior,
the need for an interdisciplinary pedagogy, and a new emer-
gent design philosophy focused on beneficial technology for
society [64], [65]. As technology has become an integral part

of our everyday life, it has also become intertwined with the
public interest. How might citizen rights be protected in the
face of emerging technologies? What has to happen? What has
to change? How might technology be used to improve civic
operations, and at the same time, lessen the controversies of
unintended consequences when values like privacy are ignored,
for example, in the domain of social media (e.g., Cambridge
Analytica Scandal) [66], [67]?

PIT, as defined by the Ford Foundation, involves harness-
ing technological potential “to serve justice and the public
interest” through the creation of a diverse community, includ-
ing activists, artists, educators, technologists, public servants,
researchers, and more [68]. Just like public interest law (PIL)
and public interest journalism (PI1J) before it, PIT work can
be done by volunteers who are not on the official pay-
roll but care deeply about a democratic and open systems
future [69]. Here, we can say with certainty that citizen sci-
entists who volunteer their time to PIT initiatives are the
true designers bringing together the lived experience with
their professional experience. Embedded within this socio-
technical practice are community wellbeing, human-centered
design, and inclusivity in systems design and development
processes [70]. PIT, as a result, is highly aligned with socio-
technical systems design, notably Democracy by Design, in its
orientation toward a democratic, community-based approach
centered on justice. PIT also discourages the siloing of the
disciplines, and seeks to develop professionals who have
fluency across transdisciplinary domains of knowledge and
practice.

A complementary perspective of PIT describes it as “the
application of design, data, and delivery to advance the
public interest and promote the public good in the dig-
ital age” [71, p. ix]. Design referring to human-centered
approaches, data referring to real-time data collection and
analysis that may be utilized as the basis for problem solving,
and delivery referring to a process of continuous improve-
ment realized through rapid prototyping and pilot projects
that allow for small-scale implementations prior to broader
deployments [71]. Importantly, PIT requires the awareness
and reconciling of both the public policy and technologi-
cal landscapes to ensure informed debate [72] leading to
operationalization into working systems. This special issue
contributes toward the development of a suitable framework
to achieve this vision. Fig. 1 provides a view of the bringing
together of socio-technical design for PIT.

Thus, we return full circle to Ellul who quoted Giedion [75,
p. 52] with respect to the period from 1750 to 1850: “Invention
was a part of the normal course of life. Everyone invented.
Every entrepreneur dreamed of more rapid and economical
means of fabrication. The work was done unconsciously and
anonymously. Nowhere else and never before was the number
of inventions per capita as great as in America in the 60’s of
that century.” Let us hope for that same spirit of inventiveness
to return to the extraordinary citizen toward a mindful collec-
tive awareness in a future for everyone, where convergence
toward a common aim of sustainability is achieved through
care for one another and not merely for the transient goal of
profit maximization.
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Fig. 1. PIT complex open socio-technical ecosystem.

VII. OVERVIEW OF ACCEPTED PAPERS

Eight papers were accepted for the special issue. The
opening paper is written by Sarah Dean, Thomas Gilbert,
and Nathan Lambert pursuing their Ph.D. degree from
the University of California at Berkeley, and Tom Zick
a Postdoctoral Fellow at the Berkman Klein Center for Internet
and Society, Harvard University. Their paper is titled “Axes for
Socio-Technical Inquiry in Al Research” and emphasizes the
importance of socio-technical enquiry in mitigating the harms
presented by new technologies (i.e., artificial intelligence,
machine learning, and human-in-the-loop autonomy) whose
potential impacts remain poorly understood with respect to
safety, fairness, and control. The authors provide a useful lex-
icon for socio-technical inquiry and use a consumer drone case
study to illustrate their contribution. The researchers empha-
size four directions for enquiry in the context of emerging
technologies: 1) value; 2) optimization; 3) consensus; and
4) failure.

The second paper is a collaboration between Jeremy Pitt
from Imperial College London, U.K., and Stephen Cranefield

from the University of Otago, New Zealand. Their paper
highlights the importance of prioritizing values in the design
of PITs. We are presented with a conceptual model and
metaplatform for PIT design that demands participation from
communities and all stakeholders for jointly designing and
jointly debating solutions that can be trusted by people because
they helped create them. Pursuant of this theme of trust in
socio-technical solutions is a transdisciplinary transnational
team of 17 scholars and practitioners from Germany, Denmark,
the USA, Iceland, and Finland, inclusive of Intel Labs. The
team presents to us a process by which to assess trustworthy
Al in what they have termed “Z-Inspection” which they have
registered as a trademark. Their paper outlines a novel process
based on applied ethics to assess if an Al system is trustwor-
thy. Z-Inspection is a general inspection process that can be
applied to a variety of domains where Al systems are used
and it is the first process of its kind to assess trustworthy Al
in practice.

The fourth paper presents research on community-oriented
PIT facilitated by a blockchain where “time” is banked toward
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the exchange of services and skills in the community system
based on reciprocity as the premise. The paper is written
by Chengmeng Zhang, Haoyu Suo, and Gong Chen, affil-
iated with the Institute for Population Research at Peking
University, and the second author Wenqing Yu from Case
Western Reserve University. The paper goes into detail on how
demand matching and volunteer services management can be
facilitated through a distributed ledger and how the architec-
ture for such an endeavor can work. The fifth paper is by Annie
Y. Patrick of Virginia Tech who writes on bringing care and
concern to engineering students through Science, Technology,
and Society (STS) knowledge. Patrick leaves us with the need
to have concern and care in engineering practice, and echoes
several authors in the special pertaining to values. Among her
outcomes are creating a sense of belonging, caring for invisible
labor, and expanding diverse success types beyond traditional
engineering work.

The sixth paper is by Canadian-based Beth-Anne Schuelke-
Leech of the University of Windsor who presents a very
brief overview of her study within the field of engineering
education identifying that more has to be done to expose
students to unstructured problems where they are able to
practice problem-solving skills. We can thus make a judg-
ment that the more we can expose engineering students to
socio-technical issues, the more they will be equipped in the
design of PIT. The seventh paper, “Collaborating to Build
the Software Good Policy Deserves” by Emily Tavoulareas
of the Beeck Center for Social Impact and Innovation at
Georgetown University and Cyd Harrell Civic Designer and
author of A Civic Technologist’s Practical Guide [76] that
focuses on the creation of an effective environment for collab-
oration, incorporating designers with both hard skills and soft
skills. The authors argue that this is the only way to improve
software successes, especially in the context of PIT. The eighth
and final paper is written by three scholars from Penn State
University, inclusive of Lauren Dennis, Sarah Rajtmajer, and
Caitlin Grady. This work demonstrated the importance of
exploring social vulnerability characteristics of communities
dependent upon critical infrastructure (CI) in addressing CI
cyber—physical risk and resilience.

We thank all the contributors who also presented related
short/full papers or abstract only presentations at the
International Symposium on Technology and Society 2020
(ISTAS20) of which full proceedings can be found in
IEEEXplore. We have tried to incorporate and present papers
sequentially, from the outset focusing on socio-technical the-
ory, conceptual modeling bringing together value-sensitive
design and PIT through methodological tools for assessing
trustworthiness in Al systems in practice. This was followed
by considering the need for community-driven solutions that
make use of new modes of stakeholder engagement, incor-
porating aspects of volunteerism. The human qualities of
concern and care are emphasized for engineers, as is the
need for students to be exposed to complex problems in
assessment to develop appropriate skillsets when they face
PIT challenges and consider the incorporation of emerging
technologies that come with unanticipated and unintended
consequences. Participatory design approaches are referred to

throughout the special issue, and also in the context of creat-
ing a better policy with implementable software that respects
a variety of stakeholders. The human factor is all important,
especially in measuring social vulnerability in the context of
CI for the public interest (e.g., dams, water, and transport).

To our knowledge, this is the first special issue that is ded-
icated to the socio-technical design of PIT. We are pleased to
present this fusion of ideas in the study of open socio-technical
ecosystems, democracy by design, emerging technologies,
and the need for designers to collaborate in building solu-
tions together with all stakeholder communities, ultimately
empowering people with generative technology, enabling them
to participate in civic systems that are fit-for-purpose and
recognize the value of human dignity.

We wish to acknowledge the passing of one of the special
issue contributors late in December 2020, Naveed Mushtaq.
May you rest in peace.
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