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ABSTRACT
Technological mediation provides a model for analyzing the role
that internet service providers (ISPs) play in translating technolo-
gies from the “technological frontier” to their particular commercial
context. Although its original conception defined three obstacles
mediators encounter during this process (technical, commercial,
and structural), how these obstacles unfold during mediation has
yet to be fully investigated. Through an ethnographic case study
with a small rural ISP, we deepen our understanding of this model,
in particular the complex interplay between the dynamic techno-
logical environment and the experiences of the mediator. While
innovation scholars know that commercial markets mature over
time, this study illuminates how this process impacts the organiza-
tions who must adopt and localize these technologies.
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1 INTRODUCTION
The popular discourse on novel network technologies often focuses
on the early phases of technological development: news sources
trumpet ‘latest breakthroughs,’ patents are issued, standards may be
developed, and policies formulated to enhance market penetration.
From there, successful diffusion of technology is perceived as an
inevitability. But what happens in the middle? This question is ad-
dressed in studies of technological mediation: the process whereby
participants in the network supply chain work together to bring
new network technology to market.
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Television white space (TVWS) has been touted as a network
technology advance that stands to impact rural internet service
provision due to its robust signal transmission properties in limited
line-of-sight conditions (LoS) and relatively inexpensive infrastruc-
ture requirements. TVWSs are the “large portions of spectrum ...
which became available in the United States on a geographical basis”
following the industry switchover from analog to digital television
spectrum [17]. The opening of the TVWS spectrum to private en-
terprises was overseen and continues to be managed by the Federal
Communications Commission (FCC) [3, 4] with a certain degree
of controversy. The still evolving regulatory and technical state of
TVWS technology have resulted in a fluid technological environ-
ment.

In this paper, we focus on one such organizational mediator
tasked with bringing TVWS to commercial reality: the small, rural,
nonprofit internet service provider (ISP). This ISP, Tribal Digital
Village (TDV), operates in the reservations of San Diego County,
CA and made the decision to extend their network with TVWS
technology. The interaction between the fluid TVWS technological
ecosystem (e.g. regulation) and the developing experiences of the
mediator produce a dynamic environment with implications for
those seeking to bring this technology to their commercial context.
We sought to explore this dynamism by answering the following
question: how do the dynamic conditions of TVWS impact the experi-
ences of mediating firm?

2 BACKGROUND AND THEORY
2.1 Technological Mediation
Technological mediation as a singular concept originates from
Greenstein’s industrial organization research which examined in-
ternet markets and the central role ISPs play in bridging emerging
internet technologies with their commercial contexts [7–9]. These
new technologies often offer a host of potential benefits, yet those
benefits are in need of ‘translation’ to the commercial context, a
task fulfilled by “technological mediators” [8, 24]. Technological
mediators are organizations that work to adapt technologies from
engineering, lab-based settings to a particular commercial context.

Greenstein presents three empirical predictions about observable
challenges that mediators will encounter: 1) technical challenges,
which arise when organizations uncover technological features that
are “mismatched to commercial needs”, 2) commercial challenges,
which occurwhen adopted technology does not “translate profitably
to commercial environments”, and 3) structural challenges, which
rather broadly speak to “impediments to commercialization”, e.g.
policy considerations [8]. Mediational behaviors are defined by how
technological mediators overcome these challenges.
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There have been empirical examinations of technological medi-
ation, most notably Van Gorp et al. examination of technological
mediation in ISPs and their broadband service markets via mixed-
methods approach (national case study and international survey)
[24]. A common thread through empirical approaches within the
mediation literature is a ‘black-boxing’ of the mediation process.
In some cases, this is a byproduct of method, e.g. survey methods
(e.g. [10, 24]), cross-sectional interviews (e.g. [26]), and industry-
level data analyses (e.g. [12, 15] largely mask the mediation process.
While illuminating, a static focus may not go far enough towards
capturing the socio-technical aspects of the mediation process itself.

2.2 TVWS in Rural and Developmental
Contexts

One such element of socio-technical systems is the experiences
of social actors, and how time dependent factors influence those
experiences. There are at least two factors likely to have dynamic
elements: 1) the evocative impacts of accruing experience with a
technology, and 2) the evolution of regulatory conditions surround-
ing that technology. While these temporal notions are somewhat
represented within the Van Gorp et al. model of technological me-
diation via ‘experience’ as a firm-specific factor, this concept was
operationalized via a single survey item measuring the number of
years providing internet access service [24] and is a shallow notion
of experience. The lack of primacy to this dimension limits the
ability for the model to take into account the dynamic nature of
technological mediation.

Socio-technical scholar Sherry Turkle has explicitly identified
the “evocative” nature of machines, describing the way they pro-
voke self-reflection [22, 23], a process with strong experiential
connotations as well as deserving of analytical depth. Using an
ethnographic approach, we seek to lend depth to the model of
technological mediation by examining how temporally dependent
conditions of technology impact the experiences technological me-
diators adopting these technologies.

2.3 TVWS Technology in Development and
Rural Contexts

The challenges encountered in network service provision in de-
velopment contexts also parallel challenges encountered in rural
areas, where TVWS technology has been touted to make an impact.
Limitations to traditionally established commercial networking
technologies in these contexts make robust, relatively inexpensive
technologies like TVWS are attractive. For example, the Philippines
made TVWS a central component of their “Internet for All” initia-
tive within the broader Philippine Digital Strategy [21], and as a
nation have explored TVWS to reach “far-flung” regions [1].

There have been several technical studies of TVWS in rural and
development contexts, e.g. explorations of channel saturation in
Kenya [14] and explorations of novel TVWS platforms [18, 19].
Similarly, there have been studies in the rural UK evaluating the
regulatory environment [5] or spectrum availability and market
factors surrounding the technology [13]. These studies that have
focused almost exclusively on technical or economic aspects of
TVWS do not engage the social characteristics of TVWS diffusion,
while those that do have not presented operator perspectives. What

is missing from these accounts are explorations of the process of
mediation itself.

3 THE STUDY
3.1 Site Selection
The site selection was influenced by the ongoing relationship of
the research team with SCTCA and TDV. TDV traces its origins to
the High Performance Wireless Research and Education Network
(HPWREN) at the University of California - San Diego (UCSD), and
has since evolved from a small-scale project into a fully-fledged ISP.
The research team secured a grant to enable TDV to trial TVWS
technology, aiding in selecting the equipment vendor. The TVWS
deployment was on the Santa Ysabel Indian reservation, so the bulk
of our TVWS related findings are drawn from that region.

3.2 Methods and Data Collection
Our study of technological mediation took a qualitative, ethno-
graphic approach including semi-structured interviews, participant-
observation, and active participation in daily work practices to gain
an embodied perspective [16]. A member of the research team was
embedded with the TDV staff for a 2-week field study period in June
2017, working closely alongside TDV’s field technicians and office
staff. During this time, field notes, interview data, and supporting
technical documentation were collected. Following the field study,
the research team spoke to representatives from the TVWS ven-
dor. In summary, observational data was collected from principally
7 TDV employees (4 field technicians, 2 administrative staffers,
and TDV’s manager), interviews were conducted with 3 of the 4
field technicians and representatives from 3 of the 4 households
receiving the TVWS-based network service.

3.3 Data Analysis
Greenstein’s taxonomy of technological mediation challenges and
how TDV perceived and/or surmounted them were used to frame
the analysis process. Following each day, the researcher consoli-
dated the field notes into a digital format and shared with the rest of
the research team via a secured online file repository. Regular tele-
phone discussions during the 2-week period supported an organic
identification of topics, ensuring that key subjects and questions
were being explored. Analysis continued once the researcher re-
turned to his home university. This analysis was conducted in a
qualitative grounded theory coding style [2, 6, 25].

4 FINDINGS
The TVWS deployment required several steps, spread over several
days. These included 1) relocating the TVWS base station to a
new location in accordance with FCC regulations; 2) testing the
base station at the new location; 3) testing simulated client site
connections at nearby locations; 4) conducting site surveys of the
potential new clients serviced with TVWS; and 5) installation of the
TVWS devices at the client sites. Standard network maintenance
activities were conducted simultaneously.
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4.1 Technical Challenges
4.1.1 Challenging Installation Requirements. Workingwith the ven-
dor, the TDV team received specific recommendations for optimal
conditions for the client-site TVWS equipment: a minimum 500
meters from the base station, a minimum 5 meters above ground
level to minimize ground interference, and a minimum 9-12 meters
distance to the treeline. TDV staff expressed skepticism of these
recommendations because they appeared to conflict with common
conditions in their region, e.g. the density of foliage at installation
sites commonly makes the 9-12 meter distance to the treeline un-
realistic. Of the new client sites, the fourth stood out as having
particularly poor LoS conditions.

Despite the questionable conditions at a few of the sites, connec-
tions were ultimately achieved at each, successfully integrating four
new customers into the TDV network with TVWS. This included
the successful installation at the fourth location, contrasting the
aforementioned pessimism about the client site and surprising the
TDV staff.

4.1.2 Signal Interference. While television channels were moved
off of the analog signal spectrum in 2008 in the United States, Mex-
ico still uses that spectrum for analog television. That fact combined
with high powered analog television signal projection from Mexico
introduces signal interference into San Diego County, especially no-
ticeable at higher elevations. While “height-above-average-terrain”
(HAAT) regulations limit the elevation of TVWS base stations rel-
ative to the surrounding terrain, the vendor pointed out that the
signal interference at high elevation is significant enough that it’s
preferable to install at lower elevation regardless. Despite TDV’s
significant experience with wireless broadband networking, medi-
ation of TVWS introduced a new spectrum that carried with it a
new set of technical considerations.

TDV technicians noted however that TVWS is at least benefi-
cial as an additional option in an increasingly saturated wireless
environment:

It’s another option aside from the 900 MHz...it seems
like a better option. I mean, we’re getting the speeds
through the trees, so that’s a positive.

4.2 Commercial Challenges
4.2.1 Equipment Costs. TDV acquired enough equipment to con-
nect 9 client sites with TVWS technology at a cost of about $11,000
USD (about $1,222 USD per client site). This was significantly more
expensive than the fixed terrestrial wireless broadband technology
that comprised the core of their network. Additionally, it was noted
by TDV staff that the devices required a lot of energy to operate:
the TVWS devices operated at 60 Watts, several times more than
what is currently deployed (a comparable device on their network
has a maximum power consumption of 7.5 Watts).

4.2.2 Opportunity Costs. The tasks of TDV’s technician roughly
fall into one of two categories: maintenance of the existing network
and expansion of the network. During the TVWS deployment, TDV
staff worked along these two goals simultaneously, conducting
visits to client sites and tower locations to maintain and expand the
network. Maintenance activities consisted of providing at-home
customer support or tower maintenance, and TDV’s staff noted

that coordinating this work with the TVWS installations carried
costs in time and energy:

Say we were an independent company, it would be
a lot harder to employ this technology. It would be,
you know, this whole week, it would have been hard
to make ends meet.

Significant time was dedicated during the two-week field study
towards TVWS: 4 of the 10 business days were dedicated to TVWS
relocation, field testing, and client site installations. This does not
include the time spent before the field study installing the TVWS
base station at an erroneous location and poring over simulations
and directions with the TVWS vendor.

4.2.3 Oversubscription Limitations. Despite the eventual success
of the installations, the maximum throughput of the TVWS base
station was decidedly limited: the observed total download rate
was 20 Mbps. TDV technicians noted this as significantly less their
current terrestrial fixed wireless broadband base stations, present-
ing a limitation to “oversubscription”: the practice of connecting
multiple clients to a single base station and assuring more band-
width than mathematically possible (e.g. offering 5 Mbps speed
for 5 clients connected to a single 20 Mbps base station) with the
assumption that not all customers will be stressing the internet at
the same time.

4.2.4 Technological Skepticism. The new customers connected via
TVWS technology to the TDVnetworkwere decidedly non-dependent
upon internet offered by TVWS by their own admission. The in-
terviewed customers described themselves as having low internet
needs with limited streaming and other high-data applications. Re-
gardless, there was evidence of internet use playing a role in their
lives, e.g. one resident interviewed had been given a tablet by his
healthcare provider for regular biometric monitoring (the tablet
used their cellular service).

4.3 Structural Challenges
4.3.1 Regulation by FCC Geo-location Database. The TDV techni-
cians had previously attempted to install the TVWS base station at
a site of high elevation in order to maximize LoS to as many client
sites as possible, as is standard for their fixed wireless broadband
technologies. The practice is based on sound reasoning: the rugged
terrain reinforces a ‘higher is better’ attitude. However, this location
was in violation of the FCC’s HAAT restriction, and thereby not
allocated spectrum for use. Every TVWS device must interface with
an external geo-location database that enforces FCC regulations
and manages spectrum use automatically (this check is hard-coded
directly into each TVWS device), including the HAAT restriction. In
addition to managing the new, private users of the TVWS spectrum,
these measures are also designed to protect ‘incumbents’: those
users of the spectrum who remained following the FCC-mandated
switch from analog to digital broadcasting. TDV technicians did
not realize how the geo-location database functioned and simply
followed existing practices, and it is only through close work with
the vendor that TDV was ultimately able to correct this.

These frustrations with the regulatory environment pointed
to larger structural challenges that the TVWS vendor was aware,
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and similarly pessimistic. According to the vendor, this database is
flawed:

The database, as it stands, is based on flawed analysis
right now. The propagationmodels they use are overly
optimistic, and because they are overly optimistic,
it actually reduces the amount of spectrum that is
available. So, it does not reflect the reality of how it’s
being used.

In this case, “overly optimistic” refers to an overestimation of
propagation range, leading to an underestimation of available spec-
trum in the interest of protecting incumbents and other parties
using the TVWS spectrum. Additionally, database issues were com-
pounded by a state of regulatory instability: in 2017, the National
Association of Broadcasters (NAB) was squaring off against Mi-
crosoft Inc. over the use of the available TVWS spectrum by pri-
vately owned devices [11]. The representative did not mince words
when describing the current structural state:

You [have] the regulatory body in the FCC being lob-
bied by the NAB to choose rules that make it as tough
as possible. The way it stands right now with the
database, with the rules, [TVWS] is designed to fail.

Reflecting on this new regulatory environment in which control
over technology use was ceded to a database, TDV’s manager ex-
pressed that up until now they existed in a “play-nice” atmosphere.
Spectrum is managed through direct contact with competing par-
ties and negotiated directly with an assumption of mutual respect.
The FCC’s regulation of TVWS spectrum through a remote data-
base that had little connection to the local context was perceived
as contradictory to this relationship-based approach.

5 DISCUSSION
This case study reveals the intertwined nature of Greenstein’s tenets
of mediational challenges: FCC regulations have introduced struc-
tural obstacles that impact the commercial and technical viability
of TVWS [35]. This non-static view of mediation taken here via an
ethnographic approach identifies the evocative nature of mediation,
and the entanglement of uncertainty that comes with technological
mediation of emerging technologies. Providing a dynamic account
deepens our understanding of tech mediation by incorporating
these evocative impacts into the model.

5.1 Deepening Technological Mediation: The
Dynamic Context

Our findings indicate that the entwinement of mediator’s accruing
experience and the evolution of regulatory environments have
interdependent effects on mediation, provoking evocative impacts.
Of these impacts, trust was a common thread: mistakes driven by
unfamiliarity with TVWS, the introduction of additional regulatory
reach via geo-location database, and conflict with established work
practices sowed mistrust on the mediator’s personnel.

These findings also suggest a latent temporal structure: while
the FCC’s structural conditions lead to the trust-related experien-
tial impacts, they also formed the foundation of commercial and
technical issues encountered, most apparent being the opportunity
costs presented by the HAAT enforcement. Future research should

seek to examine this temporal structure, and lend a depth to what
is currently a ‘flat’ triad of mediational challenges.

While self-reflection (in Turkle’s sense of “evocative objects” [22,
23] was not explicit during the TVWS deployment, the perspectives
of TDV’s staff reflected the stressors of handling an unfamiliar
technology. In defining a “sociable” technology, Turkle implicitly
defines an unsociable one: “when technology has been designed
without human fulfillment in mind” [22]. The forced interaction
between the conditions of the TVWS ecosystem and the mediator’s
established work practices, e.g. the ‘play-nice’ mode of spectrum
management, was revealed through this ethnographic focus on the
mediator, painting the TVWS technology in an ‘unsociable’ light.

6 LIMITATIONS
This examination of the process of technological mediation utilized
cross-section interviews with key stakeholders, including TDV staff,
customers receiving TVWS service, and a representative from the
TVWS vendor. Future work on dynamic conditions of technological
mediation would benefit from a longitudinal examination.

7 CONCLUSIONS
While the recent scholarship on TVWS has probed technical chal-
lenges in largely rural or low-income country contexts, illustrating
technical capabilities, the current technical focus has lacked the
social and psychological elements of technological adoption and dif-
fusion. By focusing on the experiences of an ISP as a technological
mediator and the dynamic conditions of the process of mediation
as emergent technologies are incorporated into their stable of net-
work technologies, we have opened the ‘black box’ of mediation,
exposing the entanglement of regulatory fluidity andmediator expe-
riences. In doing so, we connected an in-situ account of mediation
to the speculated challenges facing TVWS commercial maturation
[20]. The dynamic state of TVWS produces a multi-layered char-
acter to mediation, where the ISP is just as much coming to terms
with commercially developing technology as they themselves are
deploying it to serve their customers, a character that has been
under-examined in mediation literature.
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