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knowledge and per§pectives from the
history of teChnology and materials
science and engineering to examine

the materiality of the ubiquitous
technological syStemsthat are so

often hiddenin the everyday.The
simultaneously exceptional and prosaic
case of materials underpinning water
filtration is examined in a49th century
manufacturing city in the United States.
An analysis related to materials Structure-
property-processing-performance
correlationsis integrated with historical
approaches to technological landscapes,
the co-conStruction of use andvalue,

and narratives of progress.This Study
provides insights into the dynamic social
and material relation§hips that change
across scales,aswell asinto mechanisms
and cumulative influences of material
conStituentsin larder sociotechnical
syStems. This contributionisincorporated
within a framework for socially-directed
science and te€hnology, and its
implementationin newand existing
highereducationinstitutionsis discussed.
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PERSPECTIVES ON SCALE ACROSS MATERIALS AND HISTORY

This paper combines knowledge and perspectives from the history of tech-
nology and materials science and engineering to examine, through the lens
of scale, the materiality of the ubiquitous technological systems that are so
often hidden in the everyday. We consider the simultaneously exceptional and
prosaic case of materials that were critical components of water filtration, as
developed in the late 19™ century in a manufacturing city in the United States.
The value of this type of historical analysis of socio-technical systems is then
framed within the practice of socially-directed science and technology re-
search and education.

Scale is a powerful lens to bring focus to the social and tech-
nical dimensions of the material worlds that surround us. It can help us assess
the challenges of the present, while grounded in the past, and looking further
ahead in order to shape a more sustainable and equitable future. Engaging
scale — whether as length, mass, volume, density, temperature, or time — is a
richly productive mode of inquiry for historians, scientists, engineers, and
designers. Here, we focus on dimensional scale, noting that approaches to
demarcation, crossing, visualization, or manipulation may vary as appro-
priate to the respective disciplinary modes of inquiry. To think across dimen-
sions is to intentionally engage in perspective-shifting, just as thinking across
disciplines can be a voyage between the familiar and the as-yet-unknown,
amassing evidence, building tacit knowledge, and stretching the imagina-
tion along the way.

Scale has long underpinned the multidisciplinary field of mate-
rials science and engineering (MSE) since its emergence as a formal academic
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discipline at the beginning of the 20 century. A convergence of scales took
place through the hybridization of atomic and molecular-level studies within
physics and chemistry with the technological manipulation of matter in engi-
neering fields, thus spanning practices of research and development across
disciplines (i.e., physics, chemistry) (Bensaude-Vincent, 2016). MSE involves

the structure and composition of a material, including the type of at-
oms and their arrangement, as viewed over the range of length scales
(nano-, micro-, meso-, and macro-scale); the synthesis and processing
by which the particular arrangement of atoms is achieved; the prop-
erties of the material resulting from the atoms and their arrangement
that make the material interesting or useful; the performance of the
material, that is the measurement of its usefulness in actual conditions,

taking account of economic and social costs and benefits. (Flemings,

1999, pp. 1-2)

This disciplinary framework was conceptually visualized in 1986 in the form
of a tetrahedron with these integrated components positioned at the verti-
ces (Flemings, 1986). The trajectory of MSE has been heavily influenced by
the development and availability of specialized experimental instruments
and computational tools, which play a key role in creating communities of
practice, often focused around particular accessible scales (Mody, 2011). Both
narratives of scale and new methods broadening research capabilities across
a wider range and types of scales drove the field, for example in the notewor-
thy cases of polymers (Perkins, et al., 1994; de Gennes, 1979) and nanotech-
nology (Binnig et al., 1986; Drexler, 1986; Feynman, 1960). In recent decades,
experimental and computational capabilities have continued to advance, as
well as aspirational ‘materials-by-design’ narratives, which has amplified em-
phasis on interrogating differential structure-property-processing-perfor-
mance relationships as a function of scale, and driving efforts towards in-
tegration across scales towards both foundational knowledge and materials
development (Jain et al., 2013; Martin-Martinez & Buehler, 2020; Ortiz &
Boyce, 2008; Oxman et al., 2015; van Anders et al., 2015).

Materials integrate with, are embedded within, and influence
the physical, social, cultural, and ideological human world at larger scales. They
constitute and determine the functionality of assemblages, infrastructures,
and systems, which have been a focus of civil engineering and architecture (De
Wolf et al., 2020; Fivet & Briitting, 202.0). The subfield of the materials science
of material culture established a foundation, inherently involving a multiplicity
of scales, for connecting the MSE disciplinary framework of structure-prop-
erty-processing-performance relationships with archaeological, anthropo-



logical, and art historical knowledge through the scientific investigations of
the materials technologies in the context of cultural practices grounded in
the human sciences (Hosler, 1988; Lechtman, 1994). This research profoundly
addresses the long history of materials and human culture predating the
written record. The ubiquity of materials also draws increasing concern in
relation to the large scale of planetary damage caused by them in terms of
climate change, decrease in biodiversity, and proliferation of pollution and
waste (United Nations Development Programme, 202.0). Yet at the same time,
materials are often viewed as critical to future aspirations for societal impact
through the design of more sustainable, safer, robust, resilient, unique, useful,
and potentially life-saving properties.

Scale also plays a major role in historical analysis in multiple
ways. Historians are most likely to engage with scale in a temporal context,
through periodization and the analysis of change, or not, over time. Increasing
awareness of the contemporary climate crisis also draws particular attention to
the importance of scale for historians of science and technology. Recent work
on the Anthropocene especially focuses attention on the act of thinking with
time, calling for “an analogous suppleness for time scales, from the nanosecond
to the eon and everything in between” (Yang & Daston, 2017, p. 22). Building
upon an approach from the history of ideas, the focus on scale might also
serve to disrupt linear narratives, without “occlusion of one reference frame
by another” (Coen, 2016, p. 312). Often, though not exclusively, the physical
scale is grounded in human proportions and experience, as historians reconcile
the commensurate dimensions of individuals, organizations, and societies.
Technologies often serve as extensions of human senses or capabilities into
previously inaccessible dimensions, with instruments such as microscopes,
telescopes, and transport in extreme environments. Physical proximity to
large scale technologies may even inspire awe (Nye, 1994).

Materials play important roles in the history of technology,
as constituents and primary objects of study. They are linked to foundational
concepts and inquiry into processes of design, use, and proliferation of tech-
nologies, which reflect, or even reinforce existing power relationships whether
in households (Cowan, 1983) or large regional systems (Hughes, 1983). The
focus on the materiality of technologies and their places of production, can
reveal and bring focus to embedded social structures such as gender and power
relationships (Bray, 1997). They are key factors in the ways that we study and
interpret things and material cultures across science, technology, and art
(Daston, 2004). The material form of technological objects can provide insight
into the relational processes of social, cultural, and technological factors within
them (Bijker et al., 2012). Through a focus on materials, it is possible to high-



light the processes of expertise and professionalization, design choices, and
functions both symbolic and technical (Handley, 2000; Lintsen et al., 2017;
Ndiaye, 2007; Slaton, 2001). Materials technologies are central to the historical
understanding of use, reuse, and waste (Finlay, 2003; Oldenziel & Trischler,
2016; Thorsheim, 2016; Zimring, 2005, 2017). As constituents of infrastruc-
ture materials, they can serve to highlight tensions between innovation and
maintenance (Edgerton, 2007; Vinsel & Russell, 202.0), and physical and social
structures of community (Keating, 1994). The interplay between engineering,
design, urban planning, and materials is especially apparent in systems of
sanitation and hygiene which interface between technology, environment,
and public health (Hansen, 2018; Melosi, 2000; Seewang, 2019). The ways
that stories of materials are told matter, especially within narratives of prog-
ress, whether portrayed as new or old, innovative or traditional, or perhaps
outside of binary categories all together (Dreicer, 2000, 2010). They can also
provide a valuable window into how engineers, designers, and users navigate
identities of modernity (Slaton, 2020).

The relationships between technologies and place provide a
foundation for a focus on the materials embedded in them. Building upon
the literal idea of landscape as “a composition of man-made or man-modi-
fied spaces to serve as infrastructure or background for our collective exis-
tence” (Jackson, 1984, p. 8), and drawing upon landscape as both an object
and a process, technologies of landscape may be considered cultural rather
than natural (Nye, 1999). Within this framing, landscape is a dynamic set of
relationships, “part of the infrastructure of existence (...) inseparable from
the technologies that people have used to shape land and their vision” (Nye,
1999, p. 3). Technologies and landscape taken together are not opposites or
solely objects, but rather entangled processes. The concept of technological
landscape is employed by historians of technology to draw attention to slow
structural change accumulation of interconnected practices and artifacts
(Bray, 2016; Lindqvist, 2011), and linked processes of transformative construc-
tion and subsequent ‘naturalization’ over time (Spero, 2013; Spero & Pereira,
2016). These interpretations of technological landscape both emphasize the
connections, continuities, and complexities, whether between overlapping
older and emerging technologies (Lindqvist, 2011) or the often problematic but
nevertheless deep interconnectedness of human and non-human actors in the
shaping of place (Spero, 2013; Spero & Pereira, 2016). By bringing attention
to the material traces of particular embedded technological systems, be they
subterranean filtration systems, railway lines, dams, or agricultural terraces,
we may also have a heightened awareness for design choices and functional-
ities that are enduring or slow to change.



INTEGRATING METHODOLOGIES AND CONCEPTUAL FRAMEWORKS
ACROSS HISTORY AND MATERIALS

The historical materials analyzed in this research include physical and digital
manuscripts, photographs, and collections of published works. Unique ma-
terials in the collections of the Lawrence History Center (formerly Immigrant
City Archives) included an extensive photograph collection documenting the
construction of the water filtration system and other aspects of water infra-
structure in the city (Photographs of Water Filtration System Under Construction, ca.
1893-1910), city atlases (Lawrence City Atlases, 1875, 1888, 1906,1926,1938), pho-
tographs of the cityscape and shoreline (Aerial and Panoramic Photographs, ca.
1850-1920), oral history (Barker, 1989), documents and published works relat-
ed to the engineering work of the Essex Company, Lawrence Experiment Sta-
tion (LES), and later William X. Wall Experiment Station (Engineering Records,
1845-1987), and annual reports and city documents (Lawrence City Documents,
1846-1913). Collections held at the Massachusetts Institute of Technology (MIT)
included manuscript collections relevant to scientists and engineers affiliated
with both MIT and LES: Allen Hazen (Allen Hazen Papers, 1883-1974), William T.
Sedgwick (William T. Sedgwick Correspondence, 1893-1908), and Hiram Francis
Mills (Mills, 1912-1921), and Reports to the President (Massachusetts Institute
of Technology. Office of the President, 1871-1930). Published works held digitally
included a report on the work of the LES, as exhibited at the World’s Colum-
bian Exposition held in Chicago in 1893 (Massachusetts State Board of Health,
1893), journal articles related to water works, sewage, and sanitary science in
the region (Eddy, 1930; Massachusetts State Board of Health, 1887), including
the work of researchers affiliated with the LES (Bailey & Hazen, 1876; Burgess,
1915; Clark, 1907, 1909, 1927; Fuller, 1894; Hazen, 1897, 1907, 1910; H. Mills,
1893; Sedgwick, 1906, 1922).

Drawing upon visual analysis of urban, technological, and
construction photography as historical evidence (Kammen, 2007; Maynard,
1997; Spero & Pereira, 2016; Weiss, 2020), images were selected and included
in this paper to illustrate key integrative concepts related to scale, materials,
construction, and scientific and technological narrative. Contemporary
perspectives and conceptual frameworks in materials science and engineering
were integrated with the historical archival analysis, including multiscale
structure and imaging of materials (Estrin et al., 2019; Ortiz & Boyce, 2008),
multiscale mechanics of granular materials (Ulm et al., 2007), multiscale
computational simulations of materials (Li et al., 2012; Martin-Martinez
& Buehler, 2020), and multiscale fabrication of materials (Browning et al.,
2013; Lin et al., 2014; Oxman, 2010). Cross-disciplinary integrative analysis
and intentional practices of dialogue, reflection, translation, and integration



Figure 4: Panoramic photograph of the

‘City of Lawrence, 1909 (Lawrence, Mas-

sachusetts). Source: Lawrence History
Center1985_138_002.

of concepts and modes of inquiry (Strober, 2011) between MSE and history of
technology were used throughout the research process.

MATERIALS ACROSS SCALES IN TECHNOLOGICAL LANDSCAPES: AN
INTEGRATIVE CASE STUDY OF THE MANUFACTURING CITY OF LAWRENCE,
MASSACHUSETTS

Through the lens of scale, this study examines the mechanistic and aggregated
influence of material constituents in larger systems, together with scale-de-
pendent variable sociotechnical relationships. Building upon the concepts
of technological landscape, we explore an integrated case study of the role of
materials technologies and social impact in sand-based water filtration devel-
oped and employed in Lawrence, Massachusetts, at the end of the 19% century.
Situated on the Merrimack River, once navigated by the Pennacook peoples
before the transformation of the shoreline into later-day Lawrence (Dorgan,
1918; Stewart-Smith, 1999), this American city, like many other industrial cen-
ters, was, and continues to be, a place intimately tied to water (Hearn, 2014;
Malone, 2009; Molloy, 1980). Built-up as a hydro-powered textile manufac-
turing center, the city grew quickly into a densely packed production center
with residents newly arrived from regional farms, as well as from across the
ocean, a melting pot for numerous languages and cultures. Linked to this
quite visible role of the river as a power source was also a more hidden role
in public health, only made explicit in the typhoid epidemic in the 1890s that
impacted cities up and down the river. Although Lawrence shared much in
common with other afflicted manufacturing cities, it was uniquely home to
a laboratory that was the first of its kind in the United States, the Lawrence
Experiment Station (LES). The work on water quality performed in Lawrence
was to play an instrumental role not only in the recovery of the city, but also
to set the standard for water filtration more broadly in the nation and beyond.

Scale is often a determinant of what is hidden or revealed. For
example, when working at a large scale, underlying factors that may be too
small to easily identify, but whose influence manifests in the macrosystem,
may remain hidden. Likewise, when focused on a very small scale, the context
of the system as a whole might also be easily obscured. At the city scale, this



panoramic photograph (Figure 1) focuses attention on a single moment
captured in the life of this particular place in 1909, the frozen flowing river,
and the billowing factory smokestacks in mid-air. Even at this large scale,
materials (e.g., brick, stone, iron, mortar, concrete, etc.) can be observed and
understood as markers of this industrial city. The enormity of the built infra-
structures evokes an understanding of the magnitude of materials utilized
in its construction, as well as the expertise needed in their selection, design,
and processing. Connected to the visible are hidden infrastructures (e.g.,
underwater or underground canal, pipes, and other water and hydropower
infrastructure and systems, bridge support structures, etc.). At these large
scales, materials are aggregated and assembled to form the visible static load-
bearing structural assemblages, such as factory manufacturing buildings and
hidden dynamic infrastructures concerning hydropower, water transport,
and purification.

Within the frame of the technological landscape, we are
attuned to the complexities and long transitions between technologies (Bray,
2016; Lindqvist, 2011). Many of these material elements endure, some have
been maintained to retain their original functionality, others are retrofitted
for new uses, and others yet fade into disuse. We consider the materials and
processes at the multiple interfaces of water, stone, concrete, and sand. The
Great Stone Dam (Figure 1, top left), the canal systems, and hydropower engi-
neering structures built by the Essex Company to power the mills, spurred the
economic growth of Lawrence as a manufacturing hub (Smith 1947; Hearn,
2014; Molloy, 1980). In 1909, when this image was captured, the dam had
already been in operation for more than fifty years, and although not the
primary source of power for the city, it remains in active operation with tech-
nologies for fish passage to lower the impact to the ecosystem (Lawrence
Hydroelectric Project, 2020; Molloy, 1980). Hidden below the waterline of
the canals, and underneath many of the remaining large brick structures, once
dynamic mechanical systems that powered the works inside are stationary.
However, within these remaining walls, through renovation and maintenance
other types of uses continue, including manufacturing but also residential,
entrepreneurial, educational, artistic, and community organizations.

At the civil engineering scale, Figure 2a provides a photo-
graph of the water filtration system in the process of construction in 1906.
This unique photograph details both the disorder of constituent raw mate-
rials and disposable materials, and the exposed emerging order of partially
assembled infrastructures soon to be hidden underground and embedded
in and interfacing with the natural landscape. Underlying the engineering
aims of scale-up of known mechanisms and properties to manifest in func-



Figure 2: Multiscale view of water
filtration and infrastructure materials,
structures, systems.

a) Construction of water infrastructure
system, 1907, Lawrence, Massachusetts.
Source: Lawrence, History Center ‘Water
Filtration Construction Photographs’ica
90148.14A April 4th,1907.

b) Internal view of covered sand filtration
system, 1907, Lawrence, Massachusetts.
Source: Lawrence History Center ‘Water
Filtration Construction Photographs,
November 4th,1907,LW2042.194.014.

c) External view of the Lawrence Experi-
ment Station, Lawrence, Massachusetts.
Source: Lawrence History Center.

d) Interior View of the Lawrence Exper-
iment Station, Lawrence, Massachu-
setts. Source: Lawrence History Center,
2002_063_476.

e) Photograph of a sandpile. Source:
Brian J. Tarricone.

f) Ottawa sand, a standard material
used in civil engineering tests, electron
microscope image. Source: NASA/MSFC,
NASA ID 0003830.

tional infrastructures exists expertise, knowledge, and decisions regarding
materials selection, design, and processing. This photograph is a reminder
of the ubiquity of sand, while its selection for use in water filtration systems
was based on its desirable material properties. In the same frame, we see
sand as both: a valuable technical material that has been measured as well
as carefully monitored and maintained through periodic washing and relied
upon for the health of the city, and as a discardable waste product that will
have to be removed in the form of construction debris. The lone figure at the
upper edge of the ground layer gives us a sense of the size of the project, and
prompts inquiry into the embedded labor and knowledge hidden in each
of these images, for example, material transport, assembly, and testing. It
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prompts intrigue around the underlying engineering and aesthetic choices,
not only in the construction of this place itself, which few people would ever
experience, but also its photographic documentation, which would serve
as the primary mode of a future encounter. This person positioned above
the construction site also foreshadows how the site might be interpreted as
re-naturalized once complete, a feature of a technological landscape hidden
within the mundane (Spero, 2013; Spero & Pereira, 2016). For the most part,
this system was designed from the outset to be covered by earth, its workings
hidden from view. In this case, the hidden works of sand, gravel, concrete, and
pipes were key factors to the success of the design. When viewed from the
human-scale, and also at a larger systems level, invisibility may serve itself
as a marker of well-functioning materials infrastructure. These complex and
critical socio-technical systems are often hidden from public view, literally
underground, underfoot, or obscured in plain sight against the background
of the mundane. Although often unnoticed, there are also systems of expertise
in materials, design, monitoring, and maintenance that work to constantly
avert disruption, or worse, in the everyday landscape.

At a smaller scale of individual infrastructure components,
the pristine and fully assembled subterranean gallery of the covered filter
beds (Figure 2b), designed to weather frigid New England winters, appears
to stretch on with infinite repetition. Here, in a single frame, the observed
materials constitute two different types of infrastructure: the static, load-
bearing solid arches in proximity to the granular sand which chemically and
biologically interface and dynamically interact with water and its contami-
nants. The individual grains are obscured and even blur together at this scale,
producing the facade of a solid continuum that hides the mechanistic origins
of the unique properties of granules related to water filtration.

At the laboratory scale, the modest timber structure of the
original Experiment Station comes into focus (Figures 2¢ and 2d). This former
building of the hydro-focused Essex Company was itself a place of convergence
of material scales and for prototyping as a foundation for scale-up. Housed
within this intermediary structure were microbes, sand, instruments, and
humans, alongside prototype filter assemblies on the nearby grounds. The
small community of researchers was connected to the then-nascent Massa-
chusetts Institute of Technology in Boston, which was also contained within a
single building at the time before relocating to its current Cambridge location
in 1916 (MIT Office of the President, 1916). This proximity fostered emerging
cross-disciplinary scholarship and interchange among chemistry, biology,
bacteriology, mining, and metallurgy (the precursor to the contemporary
department of materials science and engineering), civil engineering, architec-
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ture, and epidemiology leading to the emergence of sanitary science, sanitary
engineering, and public health (Goldblith, 1995; Viseltear, 1988), all served as
intellectual foundations for the Lawrence Experiment Station.

At the microscale, both bacteria and granules of sand, integral
to the work of the LEs, became visible. With the integration of bacteriology,
the microscope went from an ‘unfamiliar tool’ hidden in plain sight on an
upper shelf yet “never [had] been employed in laboratory routine,” to a core
tool in sanitary science at the LES (Winslow, 1953, p. 17). Although sand was
the most widely employed material, the LEs worked with parametric studies
of materials including sand ranging from coarse (0.48 mm) to fine river silt
(0.04 mm), with coarse crushed stone, gravel, coke, and clinkers also used
in filtration experiments (Figure 2c) at the laboratory (Clark, 1909; Hazen,
1897). A key concept for the success of the test filters was the long timeframe
for the experiments. In 1909, the twenty-year report chronicled that some of
the filters had been in use since the opening of the Station, and many showed
improved performance with time. Sand was both prosaic in its ubiquity, and
‘leading edge’ in the way that it was deployed as standardized filtration media
with highly controlled dimensions. The unique and complex physics, involving
surface interactions such as friction, adhesion, and molecular adsorption,
underlying the macroscale properties of sand as a granular material, served as
a foundational point of origin for this entire multiscale sociotechnical system.
Sourced from nearby Gale’s Hill, for the first filter system for the city in 1879,
the expense to the city for this ‘worthless material’ carted by man and horse,
and sorted by particle size for deployment in the filter beds, was labor alone
(Marble, 1880).

MATERIALS AS CONSTITUENTS OF SOCIOTECHNICAL NARRATIVES
ACROSS SCALES

Throughout the physical traces of the technological landscape embedded in
a given place, are the narratives that are shaped by the people who created,
maintained, and used them. Indeed, even people far away, who observe only
from a distance, can contribute to the narratives of that place and its infra-
structure. The stories of the city of Lawrence were, and often still are, con-
nected to the health of the river and its industry. Indeed, the story of the LEs
traveled throughout the us and internationally both, through the circulation
of papers or by the researchers themselves. In an exhibit that spanned mul-
tiple areas, the Massachusetts State Board of Health featured the LES at the
prestigious World’s Columbian Exposition in Chicago in 1893. The display her-
alded this work as “the first of the kind established in America,” and included
a model of the building, photographs, charts, sands, sewages, eftfluents, and

i2



sections of filters (Massachusetts State Board of Health, 1893, p. 3). An annex
also included the plans for the filter system designed by Hiram Mills which
was then still under construction (Massachusetts State Board of Health, 1893).

Specifically designed as ‘an industrial community,” as reported
in the 1912 Lawrence Survey, the city shared ‘a typical modern problem’ with
countless other industrial cities, balancing “the conduct of manufacturers in
a manner to secure prosperity on one hand, and the welfare of working people
on the other” (Rowell, 1912, p. 15). This expression of the tensions between
the specificity of place and the generalizability of specific types of challenges
across geographies, in particular the often-competing interests of economic
growth and public welfare, endure in Lawrence just as in many other global
cities economically grounded in industrial production. Urban manufacturing
centers such as these can offer newcomers the hope of social mobility, yet
also face stubborn social and economic challenges that so typically accom-
pany industrial growth and decline. The narratives of technological progress,
production, prosperity, and unrealized potential are woven into the very fabric
of the city’s history. Linked to a hydro-powered system capable of realizing a
high output of textile production, it was an inequitable social system heavily
reliant on low wage labor.

Indeed, this city on the Merrimack was not just the home to
pioneering water research translated into an advanced municipal water puri-
fication system. It was also the site of the infamous 1912 “bread and roses
strike” (Cahn, 2005; Forrant & Grabski, 2013; Watson, 2005). Not surprisingly,
the drama of harsh working conditions and the impact of the strike on work-
ing-class families attracted negative attention across the nation and beyond.
In response, Laura Prescott, a Lawrence public school teacher, asked her pupils
to share something positive that they knew was true about their hometown
with other children in a different part of the country. Marion Barker, then
nine-years-old, shared her story with a child who lived in Provo, Utah. She
highlighted her pride in the invisible, subterranean, yet critical water filtra-
tion system and its importance to her daily life (Barker, 1989). The choice of
a child to highlight a technological feature of her hometown, and still find
it noteworthy when telling her oral history nearly 80 years later, serves to
underscore its importance in daily life. She and her classmates had visited
the filter system and learned about it in school, along with being told stories
about the critical role filtration played in the city’s recovery from the severe
typhoid epidemic linked to drinking polluted water in 1892.. The idea that her
city was the first in the country to use this type of filter system, and that the
once polluted river water could be made safe to drink was “something very
special to write about” (Barker, 1989, p. 5).

13



1 Stationl is a nonprofit higher educa-
tion institution based on socially-directed
science and technology which is based in
Lawrence, Massachusetts and was found-
ed by the authors (Stationl Laboratory,
Inc. Articles of Organization — General
Laws, Chapter 180. Nonprofit corpora-
tion, Commonwealth of Massachusetts,
United States, September 7th, 2016.
Filing: 201696123530).

Narratives of shock and crisis, like those of the typhoid
epidemic and strike, are often the ones that capture popular attention and
are most accessible and quantifiable. However, well-functioning infrastructure,
whether social or physical systems, that must co-evolve at the same scale as the
economy to sustain functionality, are less visible (Seligson & McCants, 2021).
Events that travel well in the popular imagination are more often dramatic
ones, such as the shock of an epidemic, or perhaps a triumph for science
in its recovery. Together with the widely told stories of mass industrializa-
tion, outbreaks of disease, migration, inequities, and unrest, in this city and
others like it, this child’s story of the water filter reminds us that there are also
equally valid and important stories about those technologies that maintain
stability, whether physical, organizational or both. The array of stories that we
can find in the past can also spark imagination for a multiplicity of possible
futures. Indeed, we can revisit our history anew, and along with it, envision
new foundations for the future, “when we put into it technology that counts:
not only the famous spectacular technologies but the low and ubiquitous ones”
(Edgerton, 2007, p. 212).

THE ROLE OF HISTORICAL ANALYSIS IN SOCIALLY-DIRECTED SCIENCE
AND TECHNOLOGY

Historical analysis of sociotechnical systems, a critical area of scholarship,
holds great value as one component of socially-directed science and technol-
ogy, that s, the intentional, holistic, and granular cross-disciplinary integra-
tion of the scientific and technological research and development processes
with knowledge, concepts, and methodologies from humanistic fields and the
social sciences towards more sustainable and equitable planetary and societal
outcomes. A graphical representation of socially-directed science and tech-
nology, developed by the authors of this paper (Figure 3), has been employed
in practice in both existing and new higher education institutions.?

When situated at the core of curriculum and pedagogy,
socially-directed science and technology inquiry aims to create an integrative
values-based intellectual foundation to guide agency and decision-making.
Key characteristics include individual transformation and a focus on “prin-
ciples of respect for life and human dignity, equal rights and social justice,
respect for cultural diversity, and international solidarity and shared responsi-
bility” (United Nations Educational, Scientific and Cultural Organization, 2015,
p- 14) and styles of thought related to the interconnectedness, interdependence,
complexity, and multidimensional nature of ecosystems (Haus der Kulturen
der Welt & Max Planck Institute for the History of Science, 2020; United
Nations Development Programme, 2020). Inclusion, equity, and social justice
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Figure 3: A draphical representation of socially-directed
science and technology, developed by the authors of this
paper, integrates scientific and technological research

and development process components (gray circles) with
knowledge, concepts, and methodologies from humanistic
fields and the social sciences (cyan text on outside of circles)
to influence and shape every stage ofthe process towards
more sustainable and equitable planetary and societal
outcomes. Historical analysis and thinking is integrated with
topics from, for example, the social studies of science and
technological systems (Biagioli,1999; Felt et al., 2047), civic
design, education,and engagement (Allen & Reich, 2043; Israel
etal,2042; McDowell, & Chinchilla,2046; McDowell,1996),
feminism and gender studies (Cowan,1983; Haraway,1990;
Lerman etal, 2003), racial in/justice (Crenshaw, 2047; Kendi,
2016; Slaton, 2010), environmental in/justice (Bullard,1996;
Thomas et al, 20413), sustainable development (United Nations
Development Programme, 2020; United Nations Educational,
Scientific and Cultural Organization, 2045,2020),and ethical
reasoning in social context(Herkert,2005).
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2 The Wood Worsted Mill was built in
1912 in Lawrence, Massachusetts (U.S.
National Register of Historic Places #
10000539) and is the current site of
Stationl within the Riverwalk complex.

are weaved ubiquitously throughout pedagogy, research, and institutional
cultures (Freire, 2014). This educational philosophy engages diverse bodies of
scholarship and immersive experiences to bring the past, present, and future
into conversation and seeks to achieve understanding which exceeds prox-
imity of disciplines to trans-disciplinary synthesis and reflexive application
of integrative knowledge throughout the entire research and development
process, including at the earliest stages. Socially-directed science and tech-
nology reconciles the divergence of disciplinary norms in the formulation
of integrative research questions that interrogate scientific and technolog-
ical research and development decisions and potential downstream impacts
within broader socioecological systems. In this context, it confronts one of
the most foundational aspects of inquiry and the challenge of translation
between scientific and technological disciplines, where research objectives
often involve hypothesis, design, synthesis, quantification, simulation, etc.
in pursuit of solutions, and humanistic fields and the social sciences where
research questions may focus on the complexity of social systems, origins, and
relationships between human and nonhuman actors, often with no definitive
‘solution.’ This type of transformation in science and technology education is
imperative as one critical factor in the remediation of planetary damage and
social inequities, as well as mitigating peril and maximizing the promise of
emerging technologies.

Historical approaches, as integral components of
socially-directed science and technology, encourages the formulation of ques-
tions, for example, related to origins, influences, and the linear assumptions
of technological determinism (Smith & Marx, 1994); the reductive nature
of popular narratives of progress and innovation (Vinsel & Russell, 202.0;
Wisnioski et al., 2019); hidden labor, maintenance, and expertise (Cowan,
1983; Stage & Vincenti, 1997); and the un/intended consequences of materials
and design choices in technological systems (Knowles & Torero, 2020; Winner,
1986; Zimring, 2017). An emphasis on the temporal dimension highlights
the pitfalls of short-term thinking and prompts students to imagine their
trajectory as part of a longer planetary ecosystem. The integration of histor-
ical analysis is not intended to impose contemporary values onto the past,
or to be prescriptive or predictive of ‘solutions’ for contemporary challenges.
Rather, it serves to enable an understanding of the ambiguities, trade-offs,
incentive structures, desired outcomes and unintended consequences, and
relationships to in/equities within sociotechnical systems.

From the renovated textile mills? housing a burgeoning
ecosystem of socially-directed science and technology, the former site of the
LES is now invisible from afar; the test filters once meticulously cared for
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Figure 4: Lawrence Great Stone Dam,
Lawrence. Source: Lawrence History Cen-
ter,Accession 2003_012_oo41;and (left)
Station1 Fellows visiting and learning
aboutthe Great Stone Damin 2019 as
part of the curriculum on socially-di-
rected science and technology. Source:
Station1,2019.

are reclaimed by overgrowth. What was once a wool sorting room is now a
teaching and learning space bustling with the conversation of research rather
than the clamor of machines. Teaching with the history of materials tech-
nology in Lawrence, embedded in the contemporary city, becomes more than
an abstract case study. Exploring the maps, ledgers, photographs, and scien-
tific publications of the LES at the Lawrence History Center, in the former
headquarters of the Essex Company, whose mark can be seen in every part of
the city, becomes an even more engaged process of reading. When walking
around the city with the lens of history, materials, and equity, we make an
intention to pause, to engage in ‘slow-looking’ (Tishman, 2018), to observe,
to question. At the interface of water, brick, and iron of the canal system, we
uncover hidden traces of technologies, social practices of design, construc-
tion, maintenance, regulation, and abandonment. This experiential learning
serves to “connect us directly to the world we know rather than the strange
world where technology lives” (Edgerton, 2007, p. xvii), and to engage more
actively with a place. The combination of historical thinking, technology, and
place also templates a deeper mindset for inquiry, unpacking assumptions
about approaching the unfamiliar, whether in discipline, time, or culture. In
the histories of the people in this place, whether scientists, engineers, indus-
trialists, workers, or children, we seek to understand their actions, opportuni-
ties, and constraints. Within this historical frame, the approach to seeking out
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stakeholders and making an effort to understand their context in any project
becomes second nature. Learning embedded in the history of a place, whether
uncovering hidden traces or exploring anew, translates into an approach to
place in a generalizable way — to seek the unfamiliar in the local, and to seek
connections to a human experience in the global.

CONCLUSIONS

This paper explores the dynamic social and material relationships across scales

and connects the mechanisms and cumulative influence of material constit-
uents within larger sociotechnical systems. When we think across scale with

materials in mind, the connections between the often invisibly small, as well

as the invisibly large, become clearer. We become attuned to the complex and

non-linear relationships between structures at the microscale whose impact

can be felt at the planetary scale. The concepts of technical landscapes were

employed to understand the complex and continuous relationships between

technologies related to water filtration across scales and their role in the shap-
ing of place. Through this method, we may see a longer continuum between

past, present, and future, within the heterogeneity of the surface of a grain

of sand and the health of a city, or even a planet. “History can be an especially
powerful tool in rethinking technology” (Edgerton, 2007, p. xvi), particularly

when combined with materials. Indeed, sand is often a metaphor for deep

time itself, a ubiquitous material with multiple narratives from the prosaic to

the innovative, and much in-between. This critical constituent of 19th-century

water infrastructure might even be considered to be hidden in the material

infrastructure of the future technologies of digital models and simulations

of contemporary water infrastructure systems, since silica, the precursor of
silicon that sustains modern computing, is found in sand (Welland, 2010).
By learning to uncover the often-hidden social structures of scientific and

technological knowledge, materials, and infrastructures —to sit with the com-
plexity, uncertainty, and often contradictions of the everyday world - can be a

powerful bridge across disciplines and fields of practice. Embedded as a criti-
cal element in the model for inquiry-driven socially-directed science and tech-
nology, historical analysis and the mindset associated with thinking within a

broader timescale can have a considerable impact on trajectories for contem-
porary practices and pedagogies of science and technology. [

The authors would like to thank Anne McCants for her insightful comments on the draft, the
editorial team and anonymous reviewers for their attention and support in advancing the work
of this paper, Katherine Zumach for her illustration expertise to aid in the visual translation of
socially-directed science and technology framework, and the Lawrence History Center for their
generosity in knowledge and archival material.
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