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ABSTRACT

This paper reexamines appropriation in human-computer inter-
action (HCI), which refers to the unexpected alterations made to
artifacts by users. We analyze when earlier informal practices of ex-
changing airtime for cash became enclosed into proprietary mobile
money platforms, and show that this enclosure has a longer his-
tory in global telecommunications. Building on interviews with 19
experts in computing, policy, and media, we challenge teleological
narratives of the inevitability of mobile money often overlooked in
computing and global development. We develop an ‘appropriation
matrix’ introducing a dialectic of re- and reverse- appropriation
animated by three elements—users, artifacts, and imaginaries—that
unexpectedly switch between production and consumption, compli-
cating invention and innovation in formal and informal economies.
This matrix may help HCI and development better understand how
different values, visions, and practices might have led (or could still
lead) to different designs of products like mobile money.
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1 INTRODUCTION

“Now there is a pilot project in Kenya, the first in
the world, to transfer money, Western Union style,
to anybody with a cellphone. It is exciting, yes, but
then people have been sending money to each other
in Kenya for years. Send minutes to someone, and
they can resell them for cash.” — Wainaina, 2007 [174]
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Airtime in Africa and many parts of the Majority World is multi-
faceted.! For telecommunications companies (telcos), it is a way to
offer customers a bundle of services such as voice and SMS [143].
For third-party value-added service providers, airtime is a mecha-
nism through which their products are priced and purchased, for
example, the sale of ringtones or local music [121]. For users (also
dubbed subscribers), airtime moderates access to telco services and
products [178], but it is also an affordance [27, 54, 76] that has been
used to transfer value electronically. Unlike in Europe and North
America, where airtime is ‘always-on’ for the majority of personal
mobile devices, in Africa, 98% of airtime is ‘prepaid’ [167], metered
into seconds to offset its relatively enormous cost (by Gross Na-
tional Income per capita) [26]. Users in Africa have, thus, developed
‘calculative agencies’ [171] and ‘metered mindsets’ [37] to work
around, for instance, shared phone use and the scarcity of airtime
itself. Accordingly, these workaround and access dynamics have
produced varied and unprecedented use cases [21, 25, 71].

Prominent among these cases are two instances that exemplify
inventive hacks and innovations: unexpected modifications or adap-
tations of artifacts by users, a phenomenon widely recognized as
appropriation in HCI [35, 40]. First, the use of ‘missed calls’ [36]
(which will be interchangeably referred to as ‘beeping’ or ‘flash-
ing’); communicative acts where a user could call someone, ring a
number of times and thus register a caller identification (ID), but
hang up before the call was answered and billed, achieving gratis
the function of a pager from the last century. Second, the use of
airtime as currency. In what anthropologist of money Bill Maurer
termed the ‘creative instability’ of airtime [105], users could use
airtime as a ‘commodity’ in exchange for others, while on the other
hand, deploying it as a ‘commodity’ to facilitate communication via
mobile telephony (i.e., through voice, SMS/texts, and more recently
internet broadband). This form of exchange — “now, airtime; then,
money” [105] — was not billed extra by telcos: rather when profits
were made in the exchange, they were made by ad-hoc traders,
including trusted networks of small shop owners.

Airtime exchange has been eclipsed by mobile money [23, 39,
72, 89, 101, 102], which was first successfully launched at scale in
2007 in Kenya as “an innovative [mobile] payment service for the
unbanked” [72]. Mobile money is a form of electronic exchange

'We follow Ferguson [52]’s position against the imagery of “the global” that “Africa”
is marginal to. Indeed, Alam [4] has valuably defined the “Majority World” (widely
known as the Global South) to include Africa and other often heterogeneous, often
naturally endowed, but often economically poorer regions. Although it might not be
immediately apparent, the concept of “airtime” in global telecommunications circuits
is perhaps most prominent across countries and regions in the Majority World, where
airtime and the practices around its exchange have been related. Therefore, when we
speak of airtime and other concepts related to mobile telephony, we (and our interview
participants, from whom we took our cue) are referring to these pan-African and
Majority World commonalities, and how they differ across countries and regions.
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that is primarily accessible without the internet via widespread and
low-latency protocols and interfaces such as Unstructured Supple-
mentary Service Data (USSD) and SIM Application Toolkit (STK),
which are part of the Global System for Mobile Communications
(GSM). According to GSMA’s 2021 State of Industry Report on Mobile
Money, there were 1.21 billion mobile money accounts worldwide
[6]. Notably, East Africa accounted for a quarter of global mobile
money accounts and about 45% of transaction volumes ($18.6 bil-
lion in 2020). Since its launch, expectations for and analogies used
to describe mobile money have changed many times: for example,
while some hoped it would be a ‘digital wallet, over 50% of its
transactions remain “cash in, cash out.”

In this paper, we study the transition of airtime exchange to mo-
bile money, noting that the perception of the latter as inevitable may
be misleading, and that this transition remains understudied and
undertheorized within HCI and global development. Mobile money
has seen over 15 years of development, improvement, and imbri-
cation into the fabric of local communities, and airtime exchange
has to some degree been de-centered from those lives. External
and internal aspirations often focus on formalizing the economy,
utilizing visions and practices that tend to dismiss the informal,
despite its importance.? These and other factors contribute to ten-
dencies to adopt reductive teleological views of the transition from
airtime exchange to mobile money. Many portrayals assume that
mobile money is a superior, mature version of airtime exchange; its
progression seemingly inevitable, transitioning from undesirable
cash-based economies to seamless cashlessness; from an undevel-
oped past to a developed tomorrow. To address such reductive
narratives and tensions emerging from appropriation practices, the
study was launched with two key research questions:

e RQ1: What are the differences between airtime exchange
and mobile money, and how were they experienced by those
involved in the transition? What was gained and lost, and
by whom?

e RQ2: What were the mechanisms by which informal user
practices were appropriated and formalized, and what are
the implications for other (future) such formalizations?

We conducted 19 online semi-structured interviews with a het-
erogeneous group of experts in computing, policy, and media indus-
tries, seeking to recover unrecorded aspects of airtime exchange
and initial experiences of mobile money. During this process, we
came to understand that the ‘appropriation’ we had initially identi-
fied (RQ2) - commonly understood as unexpected modifications or
adaptations of artifacts by users — was only one of several stages of
appropriation conducted both by formal and informal users in the
space of GSM. We also learned that the “users’ who appropriated
mobile telephony involved more and different actors than often por-
trayed, and that the boundaries between these users (humans and
organizations) changed and reversed throughout this short history.
In addition, the ‘artifacts’ users appropriated and the ‘imaginaries’
they deployed to motivate and rationalize their actions involved
a multi-dimensional range of “objects, facts, actions, and people
in the [electronic exchange] world and the [electronic exchange]
world in them” [42]. This led us to develop a multi-dimensional

2The International Labour Organization (ILO) estimates 85% of Africa’s employment
is informal [79].
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appropriation matrix (section 4), a novel theoretical tool for em-
pirical, analytical, and heuristic use, as a way of understanding how
and why these technologies of electronic exchange differ, how they
change, and when they get enclosed, and by whom. In doing so, we
do not only center the ‘embeddedness’ of electronic exchange in
social and cultural practices and institutions [33, 64, 134] but also
attend to historical sensibilities [151, 156] central to understanding
different trajectories that mobile money might have taken, and their
potential implications.

2 BACKGROUND

2.1 A primer on GSM and prepaid mobile
telephony in Africa and beyond

The GSM is “an openly published international [telecommunica-
tions] standard” developed in Europe for Europe, whose architec-
ture and “associated protocols are only known to a relatively small
group of [Research & Development (R&D)] engineers” [175].3 One
of the key architects of GSM telephony described its ‘phenomenal’
and ‘relatively quick’ uptake in Africa (and the Majority World) as
an ‘unintended consequence’ [166]. The success of South African-
headquartered Mobile Telecommunications Network (MTN) Group
is an illustrative example of this ‘unintended consequence’: “MTN’s
first business plan in the early 90s estimated that the company
would have 350,000 subscribers by 2010. Instead, it had 129 mil-
lion subscribers in 22 countries” [57]. In its expansion to Uganda
in 1998, MTN launched the first pay-as-you-go (prepaid) model
outside of South Africa — a model where subscribers in cash-driven
economies could actively buy telecommunications products (i.e.,
voice and text) at metered and locally affordable rates. This model
has since become the preferred payment method for the majority
of mobile phone users in the Majority World.

The prepaid model of telecommunications, which rose to and
continues to dominate Africa [167], was partly driven by USSD, a
less known protocol first introduced in GSM’s second generation
and continuously carried through to 5G. USSD is a bidirectional,
real-time, low-latency text interface connecting telco servers to
phones. Key combinations like *100# initiate a mobile phone appli-
cation interpreted session — depending on the type of phone, labeled
MS/UE in Fig. 1 per GSM specifications — where the server sends a
message that is presented to the user as text and a set of options
[50, 51, 67]. When the user enters an option this is sent to the server,
which can return more instructions and options, allowing cascading
and branching interactions. USSD had originally been designed to
enable network engineers to query telecommunications networks,
but it was repurposed to support end-user value-added services
such as airtime top-ups, transfers of one’s airtime to another user’s
number, and balance inquiries. USSD has been termed a ‘universal
app’ [131] for its availability on every mobile handset, including its
notable interface for mobile money.

The prepaid model uses airtime as credit through which mo-
bile telecommunications services (i.e., voice, SMS/text, and more
recently internet data) are metered. [37]. Foster [54] explains that

3This paper does not go into conversations on standards. In the US, Qualcomm popu-
larized a competing standard, Code-division multiple access (CDMA). However, we
maintain the focus on GSM in the paper as it was dominant in markets in Africa and
other countries of the Majority World.
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Figure 1: A rendering of the stack of GSM. Of interest is
Signaling System No. 7 (SS7), a set of telephony signaling
protocols that are used to set up and terminate calls in GSM
[147]. SS7 also separates signaling from voice circuits. In this
snapshot, SS7 interacts at various levels such as MS/UE, BSS,
MSC, HLR/VLR, and USSD. In the findings (section 5), we will
focus on signaling and how it was broken and mended in
prepaid telephony (USSD) and roaming (HLR/VLR).

under such a model “users commonly ‘top-up’ their air time by
purchasing small amounts, often in the form of scratch cards sold
by street vendors.” Scratching a layer of gray tamper-proof coating
off the card reveals a code which, when entered into a user’s phone
through a USSD interaction, stores the credit in a user’s account.
This credit has been analogized by users to fuel in car, charge in a
battery. With the advent of electronic airtime, the visits to street
vendors have certainly reduced [153] but airtime is still central in
mobile telephony. It therefore comes as no surprise that airtime or
its lack — and its role as an affordance in mobile telephony [3, 27]
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- catalyzed new and unconventional uses such as beeping or air-
time exchange. While the prepaid model is propelled by cheap SIM
cards and assemblages of low-level protocols like USSD through
which airtime is circulated, the “human infrastructures” that fuel
this model cannot be underestimated [66, 144], particularly the air-
time sellers [18, 98] and mobile money agents [129] without whose
affective work the networks would never have spread. *

2.2 HCI and airtime and (mobile) money

Airtime and mobile money are used in economic and social ex-
changes. Scholars generally agree that airtime exchange preceded
mobile money [1, 32, 44, 72, 145, 174]; as airtime animated particular
forms of sociality and exchange [109, 145] before its enclosure into
mobile money and other digital finance products. Although telcos
may appear to have eliminated informal practices such as airtime
exchange following the advent of mobile money, these practices
persist, culturally situated, and economically negotiated [96].

HCI has primarily engaged with airtime and (mobile) money at
personal and organizational levels of finance. We situate HCI and
design research across two focal areas: first, on airtime, and sec-
ond, and more recently, on mobile money and emerging financial
technologies (FinTech). Studying airtime, designers in the United
Kingdom (UK) proposed a creative network hack to trade unspent
but expired ‘unlimited’ phone credits [75]. Following the promise of
digitalizing of the ‘informal’ [103], researchers in India have studied
the tensions and negotiations of airtime use and distribution within
small and medium-sized enterprises, while researchers found that
airtime could be used to compensate micro work [43, 163]. In the
mobile money arena, HCI-oriented studies have focused on specific
applications such as information security [132]. More recent schol-
arship in HCI has attended to the interactions between technology
and finance in global contexts such as the use of technology in
remittance circuits [140], the use of airtime in constructing datafied
digital credit profiles [60, 154], and the promises and perils of digi-
tal currencies and ‘programmable money’ in electronic exchange
worlds [48, 49, 60, 91]. This work has adopted critical and reflexive
perspectives on money, prioritizing concrete lived experiences of
people at the margins [60, 106, 116, 117, 180].

3 METHODOLOGY

Following Star and Strauss [160], this study sought to “[study] the
understudied” While there have been numerous studies on the
innovation of mobile money, fewer studies have systematically
paid attention to airtime exchange and other informal practices
before mobile money, and what may have been gained or lost as
these practices were formalized into mobile money — from the late
1990s through the 2000s. It is easy to (heuristically) understand
why telcos would seek to formalize and replace an informal activity
happening on their networks with one they controlled, and from
which they extracted maximum value; why governments would
want visibility into transactions; and that aspects of the mobile
money user experience are superior to the informal trades of airtime.
However, most portrayals of these transitions remain “winners’
histories,” failing to acknowledge how deeply the wins were built
atop a prior stack of innovations and labor.

4See also Monga [111]’s notes on ‘human infrastructures’ in Nihilism and negritude.
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3.1 Study population and semi-structured
interviews

In “studying the understudied,” we centered actors whose work is
often overlooked in winners’ histories, and whose knowledges and
practices have been barely documented, sometimes without proper
attribution. As such, we focused on “behind-the-scenes workers”
[159] who were active in the transition from airtime exchange to
mobile money: privileging [oral] stories from people in middle man-
agement or below who were active in mobile money’s embryonic
phase. The research participants in our study population were peo-
ple predominantly from Africa whose ages ranged from 36 to 75
years, and whose diverse sets of experiences and expertise gave
them insight into indigenous innovation and practices [2]. We also
spoke to two white Americans from the United States who pio-
neered and scaled prepaid billing systems in the 80s and 90s. While
our participants were experts in various fields, most of them rarely
captured headlines or commanded significant power within the
institutional contexts in which they were embedded or affiliated,
although they still had agency in limited but not insignificant ways.
These included mobile money agents translating corporate visions
to tangible value exchange practices [66, 169], engineers (and con-
sultants) making do in the wake of telecommunications network
breakdowns [125], media practitioners using indigenous media to
translate possibilities (and risks) of emerging forms of mobile tech-
nology [119, 130], and enterprising policy wonks trailblazing a new
form of bureaucratic imagination [122, 151].

P-ID Gender Country Expertise

Po1 M Kenya Telecom /Innovation
Po2 W Uganda Competition Research
P03 M Uganda Telecom/Innovation
P04 M Kenya FinTech

P05 w Kenya Media

Po6 W Uganda Enterprise

Po7 M Uganda Enterprise

P08 M Kenya Banking /Telecom
P09 M Uganda Innovation

P10 M Nigeria Innovation

P11 W Uganda Airtime Agent

P12 W United States  Telecom/Innovation
P13 M Tanzania ISP/Innovation

P14 M Kenya Policy

P15 M Kenya Media/Legal

P16 M Tanzania Regulation

P17 M Malawi ISP/Innovation

P18 M Tanzania Marketing

P19 M United States  Telecom

Table 1: Displays participants by their ID (P-ID), gender, country of
origin, and expertise.
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As we were focused on the historical (perhaps still incomplete)
transition from airtime exchange to mobile money, we spent con-
siderable time studying the archive, interrogating old and contem-
porary sources regarding this transition in media reports and blogs,
policy reports and memos, privileged deeds and agreements, and
other documents from current and former actors in government, the
private sector, and global development. Alongside a detailed first-
person account of a GSM founder [166], we engaged substantively
with reflexive and ethnographic materials on mobile telephony
in Africa and other parts of the Majority World, documented at a
time of major shifts in mobile telephony in the 90s and 2000s. For
instance, Ndemo and Weiss [121]’s book on the digital revolution
in Kenya; Horst and Miller [71]’s 2006 book, The Cell Phone, a clas-
sic comparative ethnography of the ‘domestication’ of the mobile
phones for poverty alleviation in Ghana, India, Jamaica, and South
Africa. Closer to narratives on airtime exchange and mobile money,
we drew on Odumosu [126]’s ethnography of MTN engineers in
Nigeria, and Ghosh [59]’s multi-sited ethnography of mobile money
infrastructures in Uganda and India.

Collectively, these studies helped us to observe the multi-sitedness
of practices such as beeping and airtime exchange beyond East
Africa, where the first instances of airtime exchange were first
documented [145] (other similar instances are reported in regions
such as West Africa [126] and Southern Africa [149]). We were
surprised by Foster [54]’s ethnographic portrait of beeping and
airtime exchange in Papua New Guinea, practices which are re-
markably similar to those in Africa. Importantly, this notion of
multi-sitedness also informed our identification and recruitment
strategy for research participants (more on this below). Some of
our participants (notably P01, P10, P12, P13, P17, P19 as shown in
table 1, and as you will see in the findings) were also ‘multi-sited,
operating in numerous countries across continents such as Africa,
Latin America, and North America.

We used semi-structured interviews, a proven method of data
collection in qualitative and interpretive work in HCI, for empirical
evidence. Studies related to this paper have interviewed a varying
number of participants; from eight participants [11] to over 100
[25]. We conducted 19 online interviews with experts in computing,
policy, and media industries. Interviews were conducted across
two stages. In the first stage, we conducted 11 online interviews
between August - November 2022 (P01 - P11). In the second stage,
we conducted eight online interviews between June - August 2023
(P12 - P19). These interviews were conducted in English as it is
the professional language of computing and global development.
The interviews lasted anywhere between 30 minutes to nearly 1.5
hours, totaling over 20 hours of recorded audio content.

We recruited the research participants in the following ways. In
the first stage, we circulated a Google form on technology-specific
mailing lists in East Africa and on our personal LinkedIn and Twit-
ter accounts. The form asked potential participants to nominate
themselves or other professionals who might have played a part
in mobile money’s design and development in the late 90s and the
late 2000s. This step surfaced 38 unique nominations. Although
we had expected to randomly select about 15 people, we opted for
those whose experiences were temporally closest to the transition
from airtime exchange to mobile money (i.e., the 90s and 2000s).
We sent consent forms to those who accepted to participate in the
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study and eventually held nine online interviews. In the second
stage, we leveraged our networks and contacts in the technology
and development sector in East Africa, Southern Africa, and the
United States, and secured 10 interviews. The first stage aimed to
surface participants whom we could have easily missed had we
only pursued the second stage. We used snowball sampling in both
stages; three of 19 participants were thus included.

3.2 Positioning statement

Throughout the research process, the first author’s identity and
experience as a former technology blogger and graduate student
from Uganda played an important role in access to participants,
interpretation of archival materials and research findings, and in
doing the bulk of the writing. The second author is a white North
American researcher with an established history of work and col-
laboration in Africa, and he played an important role in the initial
project formulation, study design, and writing. In Zimbabwe dur-
ing the mid-2000s the second author witnessed the importance of
airtime exchange as both a service and currency and could not stop
thinking about the Wainaina quote that starts this paper; the first
author lived through mobile money’s meteoric rise and impact in
East Africa, and wrote professionally about FinTech.

Mobile money has become a central feature of everyday life in
most parts of Africa. However, debates on its provenance occasion-
ally spring to the front stage. While our research explored various
stories and histories of electronic exchange, it did not attempt to
answer the (perhaps unanswerable) question: who invented mobile
money? This was not the goal of the study. This question is so cul-
turally and politically over-determined that even during this study,
stochastic social media posts questioning mobile money’s invention
(unrelated to our study) generated significant debate and propa-
gated conspiracies; some of our participants might have sought to
set the record straight. While we could fact-check important claims,
for example, Zain’s launch of mobile money before Safaricom’s
launch of M-Pesa in Kenya (as you will see in the findings), we
leave the question of singular corporate and national invention to
other authors, and here seek to spotlight the user-inventors who
developed its progenitor, and the transformations of appropriation.

3.3 Transcription and analysis

The first author alongside an undergraduate research assistant used
an online transcription service to transcribe the interviews; both
had to manually verify and correct mistakes in the initial auto-
mated transcriptions. To analyze the interview data, we followed
a grounded theory research approach based on a combination of
practices from Glaser and Strauss [61] and adapted to HCI [114].
Grounded theory is an inductive method that builds theory ‘up’
from the data, and it is exemplified through iterative comparisons
of data and theory.

We used Atlas.ti, a qualitative data analysis software to analyze
the data. Following the grounded theory approach, we used tech-
niques of constant comparison to develop appropriate codes and
themes. We developed hundreds of descriptive tags (‘open codes’)
for items and stories in the data and subsequently generated related
items (‘thematic codes’) such as ‘licenses/regulation,” ‘banks vs.
telcos, ‘innovation, etc. from which we enumerated our findings.
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This paper leveraged theoretical sampling, an analytic practice also
established in grounded theory [22], where we learned from the
first stage of interviews and desk research that the appropriation
we had initially identified (RQ2) - and this is the appropriation
common in most HCI and design research — had been preceded by a
prior appropriation of European GSM technology by African telcos,
who creatively invented new business and technical practices for
local markets. Having provisionally built a ‘theory, exemplified
by the ‘appropriation matrix’ in which airtime exchange and its
enclosure took center stage, we found, in the second stage of the in-
terviews, many moments where appropriations might have played
out differently, or where a different balance of actors might have
yielded different design decisions.

In the section below, we will articulate the fundamental elements
for rethinking appropriation in global HCI and how these elements
inform the appropriation matrix. Subsequently, our findings will
be presented in section 5.

4 RETHINKING APPROPRIATION IN GLOBAL
HCI

In HCI, appropriation is a relational accomplishment that involves
unexpected adaptations or modifications of artifacts performed by
users in concert with others and with things [12, 35, 40, 115, 125,
165]. A substantial amount of literature in HCI and design research
[35, 40, 74, 93, 99, 115], as in science and technology studies (STS)
and media studies [3, 95, 128, 146, 172], emphasizes the creative
practices of [individual] users, how they encounter and how they
‘domesticate’ technology for material and symbolic purposes. In
this work, appropriation is a transitive verb; users perform appro-
priation to some artifact within given ecologies, and in doing so,
users mobilize imaginaries; variegated stories and logics to ratio-
nalize or motivate certain forms of action (we will examine this
setup in subsection 4.1). Because artifacts “can be modified and
re-programmed, whether the ability to modify is explicitly enabled
through design or uncovered through hacking” [12], then appropri-
ation can be said to have deep roots in the technical, cultural, and
political. As a result, appropriation might have positive and nega-
tive consequences rarely imagined by the designers or promoters
of a given technology [47]. But if users stick to the defaults as Bar
et al. [12] suggest, then appropriation is “unsuccessful”

Closely related to HCI, however, researchers embedded in infor-
mation systems research, organizational studies, and to an extent
computer-supported cooperative work (CSCW), have drawn on
influential sociological theories such as structuration to foreground
mutually reinforcing relations between user agency and structural
conditions, arguing that user action shapes appropriation in [or-
ganizational] structures and vice versa [127]. Within this vein of
sociological inquiry, DeSanctis and Poole [31] are more direct in
their articulation of appropriation. Their Adaptive Structuration
Theory suggests that groups (in organizations) appropriate “struc-
tural features of a technology” by directly using technology or
making judgments about it [31, 86]. Structural features might in-
clude “anonymous recording of ideas in a group decision support
system” [86], and these features and their underlying values are
very similar to affordances (referred to throughout this article).
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‘Micro’ emphases of appropriation — where individuals and
organizational settings are the primary units of analysis — have
generated critical insights on appropriation. Empirically, scholars
have shown that users appropriate artifacts’ ‘material” affordances
[27, 58, 76] through ‘modes’ [12] or ‘analytic categories’ [47] that
range from merely changing an artifact to radically transforming
it. Localist or ethnographic work has particularly excelled at de-
scribing how users reveal that artifacts have complicated stories,
mobilities, and (en)closures beyond designer or producer desires
and goals [3, 28, 93, 108, 172]. Using complementary theoretical
analyses, Tchounikine [165] for instance argues that “appropriation
is a complex process, and complex processes require analyses from
multiple perspectives.” He extends localist work through an array of
lenses on ‘artifacts’ and ‘instruments. In his telling, designers create
artifacts (and their affordances), but instruments are dynamically
created by users for particular purposes. As a result, an artifact can
be converted into multiple instruments depending on user goals.
Pipek and Wulf [133] might describe the revealing of instruments
as infrastructuring: particular attention to user activities beyond de-
signer objectives. Through this ‘materialist’ theoretical lens, there
is closer attention to artifacts and how they are appropriated and
“[synchronized] with local environments” [55, 56]. However, localist
and middle-range theories have “largely unexplored,” according
to Bar et al. [12], “the interplay between economic, cultural, and
political tensions,” which are central to appropriation.

Critics at the intersection of HCI and organizational studies have
called for the reconsideration of the ‘local’ in favor of non-local sen-
sibilities that characterize much of our inter-networked intellectual
and socio-economic milieux. Localist or micro-level studies often
focus on individuals and organizations in the ‘here and now’ [112]
at the expense of complex and sustained dynamics of technology
transformation and change, which include ‘trans-local’ [20] and
‘extended views of design’ [112, 135, 165]. To address such tensions,
Paul N. Edwards [46] advocates for a research approach that adopts
important but often overlooked or underexplored meso and macro
perspectives. In other words, there has been pushback against an
exclusive focus on the artifact or the user or both, with focused
attention drawn towards the complexities of ‘infrastructure’ [112],
where culture, politics, and economy meet possibilities articulated
in the very materials of technology.

4.1 Reexamining the elements of appropriation:
Users, artifacts, and imaginaries

Early in our study, we imagined that the transition from airtime
exchange to mobile money could be explained by prior theories of
appropriation. As we dove into the oral history and secondary liter-
ature, however, we first realized that users were not stable subjects,
then gradually that neither were artifacts, nor how people imag-
ined the two were — or should be — related. We had to redefine the
elements involved in what proved to be three elements of appropria-
tion: users, artifacts, and imaginaries (although there could be more
elements of other economic, social, and cultural import). These
elements are crucial to understanding why appropriation unfolded
in the way that it did. The interpretation of these elements — and
eventual construction of the appropriation matrix (more in section
4.2) - is in dialog with two approaches that yield knowledge, but in
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ways that we suspect can also obscure other knowledge. The first,
characterized by much HCI work, is to analyze appropriation at the
level of artifact or user or both. This approach yields tremendous
information about how users domesticate and tame technologies,
but leaves out other stages of appropriation, larger actors, and has
not seen much uptake in policy and regulatory circles. The second
approach, common in development economics and much of public
policy tends,> as it should, to focus on economic impact, and indeed
the economic import of mobile money is massive and undeniable.
However, this approach obfuscates the preexisting practice of air-
time exchange and its enduring effects across ecologies of electronic
exchange in the Majority World [157]. Our approach attempts to
leverage both approaches above, reconciling them through an HCI
lens.

Our setup begins with users who perform appropriation to some-
thing (what we are calling infra-artifact-structure) within given
ecologies, and in doing so, users mobilize imaginaries — variegated
stories and logics and desires. To locate users of interest, first, we
show that users are better understood depending on their position
along the production-consumption spectrum within particular spa-
tiotemporal orders. We then introduce infra-artifact-structures to
challenge the conventional understanding of the artifact as a stable
entity. To this effect, we foreground the imaginaries users mobi-
lize around given infra-artifact-structures in electronic exchange
ecologies.

4.1.1  From users to a user-producer spectrum. Users matter! [128].
As shown above, most research in mobile money worlds focuses
on [human] users — also known as subscribers — and their work
to ‘tame’ or ‘domesticate’ technology [53, 70, 155], or under the
influential research program of repair studies [63, 68, 80]. But this
central focus may elide organizations from consideration; as non-
human actors, and not just spaces where appropriation happens.
Therefore, to adequately rethink appropriation, it is necessary to
recognize that users are not monoliths, nor are they always only
users. Users are located along a production-consumption spectrum,
and their position can change dynamically. Many appropriation
scholars have attempted to grapple with locating users along the
production-consumption spectrum. For example, Mackay & Gille-
spie [95] have argued that Ruth Schwartz Cowan explicitly linked
consumption and production in the 80s.

Toluwalogo Odumosu, a former engineer and now STS scholar,
has an especially productive inflection of users, production, and
consumption. From ethnographic interviews with MTN Nigeria
system engineers in the mid-2000s, Odumosu [125] develops ‘con-
stitutive appropriation’ to understand how users make an arti-
fact “theirs” (of course, users making something “theirs” is the
coda of appropriation). But Odumosu stands out because he care-
fully argues that appropriation is performed at various individual
and societal levels, and is “not necessarily circumscribed to stud-
ies of the marginal” unlike Eglash [47] and Bar et al. [12] who
respectively foreground marginality and adversarial-first frames
of analysis. Borrowing from Marx’s Grundrisse [100], Odumosu
paraphrases that “production is simultaneously consumption” just

SDevelopment economics is a sub-discipline of economics that focuses on the study of
economic factors and policies underlying development in the Majority World. Develop-
ment economics is an influential discipline in global development.
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as “consumption is simultaneously production.” This simultaneity
might hark to prosumption [139], a portmanteau of production
and consumption that is centered around the idea that consumers
are not passive recipients but reconstruct innovations in material
ways. For example, von Hippel [170]’s ‘user-innovators’ and Ben-
kler [15]’s ‘commons-based peer production, may be interpreted as
aspects of prosumption. However, in Odumosu’s case (as in ours)
the production-consumption simultaneity affords a richer and more
dynamic analytical substrate than prosumption, a reified category
that might flatten otherwise complex relations and ontologies. For
example, in Odumosu’s ethnographic portrait on “making mobiles
African,” he argues that when system engineers at MTN Nigeria
appropriated GSM telephony, they could have been understood as
designers/producers of local communication technology. However,
for global technology provider Ericsson, in this case MTN’s supplier
of network equipment, MTN was a user/consumer. Production and
consumption are not opposites, and might happen simultaneously.

4.1.2  From artifacts to infra-artifact-structures. The conventional
understanding of appropriation is about how people configure arti-
facts in various socio-material sites, and how these configurations
“produce changes in practice due to [these artifacts’] introduction”
[141]. However, Oudshoorn and Pinch [128] have argued that this
‘user-first’ centrality is common to “media studies” unlike “histori-
ans and sociologists of technology [who] have chosen technology
as their major topic of analysis” (HCI and design research appears
to endeavor to establish a footing in either field). In the study of
appropriation in mobile phone ecologies, HCI researchers have
often treated artifacts as stable entities. Yet it is rarely the case that
a mobile phone is a stable artifact. If Jonathan Sterne [162, p. 182]
is correct, then a mobile phone is shorthand “for a whole set of
related institutions, technologies, people, and practices.” His argu-
ment is an invitation to consider the simultaneity of artifacts and
infrastructures. Consequently, we frame the recursive entanglement
between artifacts and infrastructures as infra-artifact-structures
to capture the richness of the mobile phone in given ecologies.®
To adequately identify and study infra-artifact-structures in their
recursiveness and dispersion [92], we adopt ‘inversion’ throughout
this article: “recognizing the depths of inter-dependence of [infra-
artifact-structures]...and the real work of politics and knowledge
production” [16] (from this sentence onwards we will return to
using artifact for simplicity’s sake, although we mean infra-artifact-
structure writ large). In this case, we consider the mobile phone
- with its many components; airtime, SIM cards, USSD and other
network protocols; its changing cast of users and practices; its de-
signers and their politics, etc., all factors principal to GSM (and
prepaid mobile) telephony - as far from stable and entangled in
many dimensions.

Yet this entanglement is only the first step. To rethink the arti-
fact in appropriation, it must be placed within exchange relations
through which its ‘life history’ is illuminated [7], and through which
user practices and actions in appropriation can be fully accounted

°In the study of appropriation, infrastructures play a crucial role because, just like
artifacts, they provide platforms (or bases) for social action, collaboration, and orga-
nization [46, 83, 161]. While artifacts are entangled, they are widely seen as discrete.
Infrastructures, on the other hand, while ‘naturalized’ as discrete, they are entangled,
subsuming artifacts [112], standards and protocols [82, 158], institutional regimes and
community codes [16, 84, 161].
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for. It is through this process that appropriation is accomplished.
Such orientation, for example, contests simplistic narratives on
‘technology transfer’ [73] which are predicated on linearist and
unidirectional flows (from West-to-rest) and are unmoored from
the material realities of the Majority World [66, 94]. While there
are richer takes on technology transfer, suggesting ‘mutual adapta-
tion’ of technology’s reinvention and simultaneous adaptation to
organizations [141], we want to emphasize the relations between
users and artifacts that are flux, incomplete, and as Guma [66]
eloquently writes, “in transition.” Therefore, the analysis of the
practices around phone use must not be limited to what users do to
the mobile phone itself but rather around the key elements of the
mobile phone within given ecologies.

4.1.3 Imaginaries. Imaginaries are the medium between entities
on the user-producer spectrum and infra-artifact-structures. Imagi-
nation is not only foundational to HCI and design but also to social,
economic, and political life [14]. Drawing on Larkin [92, p. 329],
artifacts “emerge out of and store within them forms of desire and
fantasy”: these forms are imaginaries. But imaginaries surmount
desire and fantasy. Beckert [13, p. 177] in his book Imagined Fu-
tures argues that ‘fictional expectations, ‘narrative infrastructures,
‘sociotechnical imaginaries, and other such grammars do not only
generate and perform distributions of value, power, and agency but
also “set agendas, create relationships, define roles, and influence
the allocation of resources”

On the micro level, for example, imaginaries of value exchange
might be animated around mobile phones (and mobile money)
[13] and user manipulations and workarounds (within moral and
non-moral expressions of appropriation, with varying outcomes).
Accordingly, Benabdallah et al. [14] assert that the “ramifications
of technological artifacts are dependent on the imaginaries they
are built from, for better or worse” As we have already seen above
(4.1.2), ramifications also depend on the concrete and everyday
uses of artifacts. On meso or macro levels, however, the stories get
grander — perhaps more deterministic — but are mobilized through
institutional visions or even public policy or state law. For example,
institutions like the World Bank have since the 80s foregrounded
Information and Communication Technologies (ICTs) as enablers
of “knowledge for development in the information age” [138], and
their visions can be seen through large-scale structural adjustment
plans that the telecommunications world was not spared from [5].
Moreover, the mobile phone’s (and mobile money’s) ascendance
in global development has not only appealed to the visions and
practices of the Bank but also to governments, large corporations,
and other multilateral development actors [17, 81, 176].

4.2 Appropriation matrix

The appropriation matrix is intended as a theoretical tool that might
have empirical, analytical, and heuristic value for studying trans-
formations in electronic exchange worlds across sites including
HCI, design, and global development. As a reminder, the newly
reformulated elements described in the preceding section above —
users, artifacts, imaginaries — are combined into unique vectors (or
stages), which constitute the appropriation matrix.

The appropriation matrix has three historical vectors that were
roughly temporally serial but also recursive and overlapping. The
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first, appropriation, was the initial appropriation of GSM by com-
panies and governments in Africa following telecommunications
market liberalization in the 90s. The second, re-appropriation,
occurred when users met a technology that had been developed
with very different material, social, and cultural realities in mind,
and built their own ways of exchanging value by creatively rein-
venting it. In the third vector, reverse-appropriation, telcos (and
other entities) saw the improvements African users had made in-
formally, and formalized it, replacing user practices with formal
technical systems and extracting rent in the process. The matrix,
therefore, provides a vector space to explore ongoing transforma-
tions between historically layered routines and practices, policy
shifts, continuities and discontinuities in technology use and design
[45, 84, 97, 151, 152]; presenting some sort of dialectical tension
between “the past,” and “the present and the epistemic, the not yet
known, possible and desired future” [164].

4.2.1 Appropriation. We argue that appropriation commenced
through the socially mediated engineering practices within telcos
in Africa, complemented by financial investments within architec-
tures of regional and international finance, and the demands of
telecommunications liberalization in the 90s [5]. It is important to
note that by the time mobile telecommunications was adopted in
Africa, it had already undergone an extensive period of tension
and negotiation in Europe and the United States, and was thus
beyond its ‘embryonic phase’ [87]. The initial mobile telecommu-
nications deployments in the early 90s in Africa were advanced
and standardized (i.e., GSM and to some extent CDMA). In this
stage of appropriation, telcos based in Africa (notably, MTN in
the Anglophone sphere) drew on their staff and cachet of institu-
tional resources including funding and mass marketing campaigns
to make “mobiles African” [125]. In making mobiles African, they
worked around challenging technical limitations on signaling and
dimensioning — associated with protocols such as USSD or voice,
and services like SMS - to repurpose prepaid mobile telephony.
We suggest that mobile telephony in Africa was not merely
transferred in the first place — as Temple [166] testifies in his detailed
personal history of GSM, arguing that the system’s ‘phenomenal’
uptake in Africa was an ‘unintended consequence’ — and neither
was it simply ‘tailored’ to fit the local conditions in various sites
and places. In telecommunications circuits, telcos in Africa were
consumers of networking equipment developed in the West. The
differences in user/subscriber behavior across geographies (beeping,
for example) confronted assumptions about ‘standard’ practices
(postpaid calls). As a result of these practices, telcos claimed to
be overwhelmed and potentially forced to come up with tentative
solutions. While telco subscribers are often portrayed as the users
in HCI, telcos in this instance of appropriation were the first users
who appropriated GSM to suit their local market realities [20, 126].”

4.2.2  Re-appropriation. Having shown that appropriation was ini-
tiated by telcos — users at that moment — we argue that acts of
re-appropriation were driven by customers of telecommunications.

7Citing Asad [9], Lu and Qiu [94] seem to suggest that appropriation [of technical
practices] could be seen as a central, institutionalized practice more than individual
undertakings. Meanwhile, readers of Polanyi such as Jessop [85] have shown that
“intellectual labour can be subsumed” in institutions and commoditized into outputs
that make part of “a networked, digitized production-consumption process.”
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There is a wide and influential body of work across disciplines that
engages with this stage of appropriation in mobile telephony in
Africa and beyond [66, 71, 72, 101, 105, 113]. This is where HCI
and ethnographic approaches to understanding how users in the
Majority World tame technologies is especially valuable [107]. In
particular, during this phase, users systematically explored the af-
fordances of GSM infrastructure and phones, and created a set of
dynamic sets of acts, practices, and informal standards.

Because GSM was (and continues to be) orders of magnitude
more expensive for Majority World users [25], many of the new
technologies of exchange these users created exploited affordances
that were free, like beeping or airtime exchange. For example, users
in countries such as Rwanda, Uganda, and Papua New Guinea com-
municated “free of charge amongst” themselves without “saying
a word or typing a character” through beeping [36]: a culturally
specific mode of communication that enables users to relay ne-
gotiated messages such as “pick me up now” or relational signs
such as “I am thinking about you” [36]. Users in various regions
like East Africa [145], Southern Africa [149], and West Africa [125]
exchanged monetary value through airtime vouchers. We want to
be clear: customers of telcos did not simply invent new uses of
GSM telephony. By finding ways to use the networks and devices
differently than intended, these users invented new technologies.

4.2.3 Reverse-appropriation. We analogize this process to enclo-
sure. We argue that entities such as telcos took note of practices
around re-appropriation, and attempted to incorporate these prac-
tices into their business offerings. Literature that valorizes ‘user-
innovators’ and their contributions to corporate products and inno-
vation [124, 168] describes this process well, as do studies attuned
to the tensions within the relationship between users and produc-
ers [12, 110]. Examples in this case: telcos replaced beeping with
a ‘free’ service that granted users a finite number of ‘please call
me back’ messages [179], but would charge for more than the allot-
ment. Some might argue that telcos ran roughshod over hitherto
unsanctioned user practices and innovations [12] to stabilize [3]
their systems against actions that ‘congested networks’ (reportedly
due to the wide use of ‘missed calls’ and rampant airtime exchanges
which consumed telcos’ resources, but which they could not earn
revenue from) [179]. In the stage of reverse-appropriation, telcos
formalized approaches that centralized value extraction for them-
selves, for example, charging users and replacing various actors
and exploits with new software and franchise employees.

This stage of appropriation expands the range of players beyond
those involved in the first two stages. Telcos, governments, third-
party companies, and development agencies all featured promi-
nently in this stage. In this context, we see examples of attempts,
successful or otherwise, to appropriate user practices into standard
industry offerings not only by telcos themselves [23, 66] but also
by profit-driven local and global entities [32, 69, 177]. It is also im-
portant to note that in this stage, mobilizations of technology spec-
ulation and futures making are most apparent, surfacing through
mainstream media [24] and global development imaginaries [62].2

8Indeed, we also see stories such as Mark Zuckerberg’s — Meta (formerly Facebook)
CEO — ‘surprise’ 2016 visit to Nairobi in Kenya to learn about mobile money [90]
perhaps inspiring Diem (promoted as Libra in 2020), the now failed digital currency
project, which was led by Facebook and other multilateral development entities.
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5 FINDINGS

This section highlights key insights from our interviews, ordered
along the three vectors of the appropriation matrix: appropriation,
re-appropriation, and reverse-appropriation. It should be noted that
each vector interacts with the elements of appropriation — users,
artifacts, and imaginaries — at varying levels of detail or magnitude.

5.1 Appropriation: The foundations of prepaid
telephony and its bearings on ecologies of
electronic exchange in Africa and beyond

The explosion of mobile telephony in Africa and other parts of
the Majority World is credited to developments such as the pre-
paid model and technical advancements in signaling. Whereas the
first prepaid billing systems for mobile telephony were invented
in the US in the 1980s and deployed in Europe in the mid-90s, the
prepaid model took off in the Majority World at the turn of the
new millennjum. Literature has already shown how telcos appropri-
ated telecommunications by refiguring network elements to allow
more signaling capacity essential for unique user behaviors such as
beeping [36]. Yet the findings also show that telcos capitalized on
tensions and changes in regional and global telecommunications
products, standards, and regulations to borrow practices that were
essential for the growth of their respective markets.

The majority of the changes in telecommunications followed
the liberalization program of the 90s [5], for better or worse. A
participant who served in a top regulatory body in Tanzania elab-
orated that “relationship between a regulator and an operator [also
known as telco] can only be efficient through the instrument of the
license” [P16]. Interestingly, despite the said efficacy of licensing
instruments, the development and adaptation of “the actual tech-
nology [was] really the operators’ [responsibility]” [P16]. Below, we
show how operators (and their collaborators) appropriated GSM.
Throughout this section, we also establish the foundation for (RQ1)
regarding the differences between airtime exchange and mobile
money, and how they were experienced by those involved in the
transition.

5.1.1 “Many Dollars or Shillings”: Signaling adaptations in
telecommunications in Africa. We spoke with two telecommu-
nications experts who were central in establishing prepaid billing
systems in the US and parts of the Majority World [P12] [P19],
notably in Africa and Latin America. Selective signaling, [P12] ar-
gues is how “telecommunications works”. The journey from analog
telecommunications in the 70s to the advent of modern signaling
systems such as the SS7 was a result of longstanding engagements
between stakeholders in Europe (notably the UK, Germany, France,
and Sweden), the US in North America, and Japan in Asia). As GSM’s
designers never imagined its use in markets outside of Europe, tel-
cos in Africa and Latin America were immediately confronted with
challenges, like unexpected user behaviors that demanded not only
changes in signaling capacities but also necessitated sustained pro-
ductive relationships with their suppliers in the Western world who
had not confronted such problems before.

An early signaling adaptation was named post call prepaid service
where call records databases were reconciled with the switch to
“determine how to decrement an amount of money that had been paid
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by the subscriber that went into a stored value system” [P12]. For
example, in the early 90s, [P19] revealed that a Tanzanian operator
deployed a system built in the US where call records were read off
the switch to determine the cost of the call. This early version of
prepaid telecommunications served a tiny minority of the popula-
tion, and it was “successful.” Around this time, customers visited
telcos’ physical locations to load “many dollars or shillings” on
their accounts [P19]. In fact, as systems advanced, following the
advent of SS7 in 1997, signaling systems were able to ascertain call
origin and destination (through the HLR or VLR), and therefore
determine whether a customer had sufficient funds to make a call
in “real-time.”

But as prepaid telephony grew exponentially in various countries
in the Majority World, signaling challenges came to bear. There
were unique user patterns in countries like India (as was in Nigeria
[126] or Kenya [179], for example) that broke networks in unique
ways. As [P19] confessed, sometimes expanding signaling capacity
via Transmission Control Protocol/Internet Protocol (one of the
then-novel ways of expanding capacity) did not work in India in
2005. This is not to suggest that there was one ‘correct’ way to
fix signaling, rather, the engineering processes that redesigned
networks and artful integrations with global suppliers were highly
contingent.

5.1.2 “USSD Was a Hack”: Repackaging USSD, SIM cards,
and airtime. Signaling as we have seen above was interacted
with via ‘voice’ calls, which were and remain a key component
of telecommunications. USSD, on the other hand, is also directed
through signaling traffic; it does not get as much treatment as
voice does, yet its appropriation into mobile telephony is crucial. A
participant who has over a decade of experience as an enterprise
software architect said that telcos leveraged USSD for value-added
services like prepaid billing (airtime), despite USSD never having
been designed with such use cases in mind [P07]: Telcos “sort of just
hit on something. And it seemed to work at the time.” He added that
“IUSSD] was a hack,” and indeed “backend systems [evolved] to be
able to support [prepaid service]” [P07]. According to the original
USSD specifications (GSM 02.90 & GSM 03.90) [51], USSD was
designed to enable simple and efficient ways for mobile phones to
communicate with international GSM-enabled mobile networks
(remember that international roaming was a big part of the GSM
standard). It is appropriation of USSD by telcos that telephony
value-added services such as loading airtime or even transfer of
mobile money (as we shall see subsequently) are predominantly
done through USSD.

“SIM [cards] didn’t show up until GSM showed up...SIM
was a way for GSM phones to [manage] their address-
ing” [P12]

The massive uptake of GSM in Africa unbundled the phone from
subscriber identity, democratizing phone access through accessible
SIM card ownership. In the early days of mobile telephony, phones
were prohibitively expensive. As such, the SIM card enabled those
who did not have mobile phones to have some sort of digital lo-
cation: “SIM card as digital ID” [P18]. While the SIM card was not
a technical necessity for prepaid telecommunications, it enabled
telcos to better manage users, especially those on roaming; a fea-
ture that was central to the GSM spec [P19] (also mentioned in the
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preceding paragraph above). For the greater part of the new millen-
nium before mobile money (circa 2007), USSD was primarily used
to load or share airtime and make balance inquiries on their SIM
cards. As such, airtime became the first product that subscribers
interacted with for mobile communications. One of our partici-
pants, an ISP and marketing expert [P18], cited the sachetization of
airtime as exemplary of Prahalad’s [136] “Fortune at the Bottom
of the Pyramid.” Several participants agreed with [P01]’s assertion
that with airtime, “you do whatever you want to do with the little
money that you have that you’ve prepaid for.” Telcos such as Safari-
com endeared the masses to their products by not only sachetizing
airtime but also introducing cheaper ways for subscribers to use
their airtime through “per second billing, so that people could just
spend what they needed to” [P05]. The same way vendors unboxed
cigarettes to sell one at a time is the same way telcos “unboxed the
one-minute, one-day bundles to per second” [P18].

Meanwhile, the repackaging and distribution of airtime intro-
duced major opportunities and challenges for telcos, users, and
stakeholders in between. For the telcos such as the one [P19] con-
sulted for in Latin America, promotions and marketing campaigns
gravitated around airtime bonuses and discounts (for instance,
there are similar cases in Zambia [130] and Papua New Guinea
[54]). These promotional and marketing campaigns posed signifi-
cant challenges for sudden network expansions (and we document
these challenges in ‘signaling adaptation’ above). For end-user sub-
scribers, however, airtime was a site through which they negotiated
the terms of engagement with telcos and where they exercised
agency. We will get more into these tensions and negotiations un-
der ‘re-appropriation, and we will also show that the SIM card
was not a stable artifact that telcos and standards-making bodies
deployed to serve subscribers but rather was a site for meaning-
making and knowledge production in telecommunication worlds.

5.2 Re-appropriation: Formal and informal
electronic exchange manifestations

The practices through which people exchanged electronic value
varied significantly between sites and places, in name and practice,
significance and resonance, but all successfully ‘hacked’ telecom-
munications infrastructure to provide value and functionality that
had not previously existed. It cannot be overstated that even though
these hacks were often conducted by ordinary people like mobile
money agents and their communities, they were nonetheless the
invention of new technology. In some cases, however, these hacks
were performed by engineers. Nevertheless, we show that these
innovations were done without approval from telcos or regulators,
and profits were sometimes forgone (but this was not always the
case.)

52.1 “Send Me 10 Minutes of Airtime”: Airtime exchange
and its many shades. This entailed the use of airtime to exchange
value through telecommunications. Almost all participants we in-
terviewed (except for the two non-African respondents) reported
that they had either directly experienced airtime exchange or had
at least heard of it; particularly in East Africa where the initial cases
of this practice were first formally reported — alongside instances
in Botswana, Southern Africa [145]. In many of the cases, airtime
exchange constituted the use of airtime as a ‘special money’. In the
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most cited instance, airtime was used as a substitute for fiat money.
For example, when [P15] ran out of cash in the early 2000s in north-
ern Kenya, his sister sent him airtime codes that he exchanged
for cash. Yet in many other understudied instances, airtime was
used in political campaigns, notably as a form of “voter bribery’
[P01] [P18]; in other cases, as a gift, which bound loved ones to
webs of reciprocity [P04] [P08] [P14] [P18] (this would later be
enclosed into ‘Sambaza’ or ‘Me2U’ as we show in the section on
reverse-appropriation).

In unprecedented situations of economic, political, or ecologi-
cal strife, airtime became even more central. Following the post-
election violence in Kenya in 2007, there was a shortage of airtime
and its transfer between people marked its importance not only as
a modality for communication but also as a currency. In Zimbabwe,
informal electronic exchange took unique and perhaps troubling
forms in the run-up to the economic and political crises of the 2000s.
A participant who lived in Zimbabwe at the time said that people
used both airtime and gallons of fuel to moderate value exchange.

3]

“If you wanted to buy some goods or something, they
wouldn’t convert the money into Zimbabwean dollars;
they would just tell you, you send me 10 minutes of
airtime...sometimes we used fuel as well, like five liters

of fuel.” [P01]

Unsurprisingly, participants varied in their perceptions of the
importance of airtime exchange. Those who had worked in the
telecommunications and banking sectors in the early 2000s, for ex-
ample, downplayed the centrality of airtime exchange [P03] [P05].
One participant minimized it specifically because it was informal:
“there’s never a point where people formally used airtime as currency,
It was just an informal practice amongst customers.” [P05]. A telecom-
munications engineer in Uganda said that although they knew for
sure that there was “small-scale retailing for airtime...and small-
scale use of airtime as a currency, it’s not something that I ever heard
about within the [telecommunications] industry at the time” [P03].
Others pointed to its centrality for some groups (foreign students)
or particular situations.

5.2.2 “Cash Printing Machines”: Bridge-builder
entrepreneurialism. We use the term ‘bridge-builders’ to describe
the actors who facilitate the development of technology to serve
community-centric needs, in pursuit of profit or other social or
cultural imperatives. Bridge-builders, in our study, operated at na-
tional, regional, and global scales in the appropriation of mobile
telecommunications. While they were entrepreneurial and creative
in their practices, none of our respondents necessarily described
their work as “innovative” (in fact, they remarked that innovation
was not part of their vocabulary and that they only wanted to
use the new digital technologies to “to solve [problems]...and make
money”) [P17] [P13] [P14].

Airtime sellers and eventual mobile money agents were the pri-
mordial manifestations of bridge-builders at local and national lev-
els. A participant [P11] who worked as an agent in the early days

9Agents are a principal component of the informal sector in Africa, as they bridge
the gap between the served and the underserved, or excluded. However, in the case
of telecommunications, agents were also users. Much as they distributed telecommu-
nications goods, they also consumed them. In other words, they were higher in the
pecking order of subscriber valuation; they were in a way super users. But important
to note, majority of agents were enrolled/contracted by large-scale agents and telcos
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of mobile money expansion in rural Uganda said that as an agent,
despite the hardships of enrolling skeptical subscribers in rural
Uganda, she had the room to try out unsanctioned methods - such
as airtime exchange - to transfer electronic value and demonstrate
to the doubters that it was possible to send money through a mobile
phone. In other examples in Kenya and Tanzania, agents acted as
local contact points for informal credit in their communities [P13].
In whatever case, agents at varying levels of the value chain had
some sort of agency to conduct their businesses.

Regional and global ‘bridge-builders’ were just as important,
and they can be categorized in two ways. The first group built
their value-added services exclusively within telecommunications
infrastructure. The second group leveraged telecommunications
in unsanctioned ways to build services. Since goods such as ring-
tones and local music and wallpapers were highly in vogue, many
budding entrepreneurs in the region leveraged the opportunity
to build relevant value-added services. As our interlocutor (in the
first category) elaborated below [P09], airtime was the mechanism
through which mobile subscribers purchased these value-added
services and products:

“[Developers] were getting people to pay for those ring-
tones through the airtime..When we used to use web
browsers, for phones that had screens, you would pay for
data; your airtime was basically your data. So I feel like
loading of airtime effectively became your first trans-
action to paying for services that were auxiliary to the
use of airtime [such as] SMS and calls...[and ringtones
and wallpapers].” [P09]

In the second category, bridge builders rarely sought permission
from incumbent telcos. A poignant example involves international
calling bypass (simbox) operations by our interlocutor [P17] from
Malawi who has been in the ISP and tech industry for over 31 years
and has plied his trade in 21 African countries. International calling
bypass operations emerged in the 90s at a time when international
calling was expensive even for the middle class. Sensing a ripe
opportunity, entrepreneurs like [P17] partnered with aggregators
and businesses all over the world to develop calling cards bypass
pernicious international calling rates. People like him drew on
technology changes of the day such as the “sender keeps all” policy
that mandated fees for the originating call, and SIM cards that made
it much easier to run an international calling operation compared
to one where physical landline boxes raised suspicion. Put simply,
international calling operations masqueraded as local calls, yet they
were in fact international.

“What happened in the background was either a satellite
connection that was illegally taking this call out of an
international gateway or when the internet came, there
was a conversion where the analog [signal] would be
converted into digital and then transmitted over the
internet into another system on the other side, which
would then take the digital converted into analog and
terminate it at the cost of a local call.” [P17]

to work as ‘last mile’ distributors of telco products and services. In conducting their
work, agents undertook the technical, economic, and cultural work of translating the
possibilities of using mobile telecommunications for electronic value exchange to
their local communities. Of course, there were economic and social considerations and
rewards at hand for their translational work.
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This and similar businesses grew so fast that they literally were
“cash printing machines” [P17]. Of course, if it is not apparent
at this stage, international calling cards (printed outside the ambit
of incumbent telecommunications) took on characteristics similar
to airtime, and for a short time and at a small scale the exchange
of international calling cards was reminiscent of airtime exchange.
This international calling operation and related bridge-builder busi-
nesses were not only hunted down and forcefully closed by the
regulators but also suffered the wrath of technological advances in
traditional telecommunications and voice-over-IP. Many of these
bridge-builders operated in legal gray zones, just like the telcos,
but often were at the receiving end of punitive state responses.
For instance, [P17] reported that his international bypass calling
operations were promptly shut down by the communication regu-
lator in Kenya. [P01] shared that a telco mogul in Zimbabwe was
imprisoned several times for unclear reasons in the early days of
telecommunications liberalization. Similarly, [P13] shared how he
was arrested in the early 90s for entering Tanzania his home country
with an unlicensed “24 baud modem.

Yet it also seemed like there was wiggle room, a possibility to
negotiate the tensions in regulation. Despite his run-ins with the
law, [P13] said that the forward-looking and flexible Tanzanian
licensing regime had helped him build information service busi-
nesses. Tanzania had implemented ‘technology-neutral’ licenses
in the mid-2000s (cf. Kenya’s [173] slow implementation of similar
licenses). Despite such licensing regimes, [P13] suggested that if
you could “navigate [regulatory gray zones] gingerly and find the
right people to work with, then you can basically circumvent and get
enough pressure to the powers that be to amend the laws” However,
participants [P04] [P13] [P18] still argued that the regulatory gaps
from which mobile money had developed had now become closed,
foreclosing possibilities of innovation by startups.

5.3 Reverse-appropriation: Enclosure of formal
and informal practices into private products

This is the coda of appropriation before the process restarts at
varying tenors, at multiple scales. Reverse-appropriation involves
a series of players and interests, and while this particular section
centers on telcos and banks, we will also come across startups and
regulators. In this section, we answer the second research ques-
tion (RQ2), concretizing the mechanisms by which informal user
practices were appropriated and formalized, and the implications
of such appropriations. A quick reiteration of established examples
of reverse-appropriation includes the enclosure of practices such
as ‘beeping’ and key aspects of ‘airtime exchange. Telcos enclosed
beeping when they built a replacement for it; a free SMS service
dubbed ‘please call me, where users could send a capped number
of free ‘please call me’ messages within the same network [36, 179].
In the case of airtime exchange, the ‘gifting’ component of airtime
was enclosed into well-marketed colloquial terms that have seeped
into vernaculars. For example, ‘Sambaza’ — a Swahili word for “to
distribute or to share” [142], popular and marketed under the same
name in Kenya and as ‘Me2U’ in Uganda. In the paragraphs below,
we show how telcos further appropriated formal and informal elec-
tronic exchange practices within complex networks of labor and
value that they (still) dominate.
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5.3.1 “You Don’t Have Agents, You Don’t Have Infrastruc-
ture”: Building informal agent networks. Although complex
networks of human airtime sellers and distributors [18, 44, 98, 129]
emerged to vend airtime in the streets and even in rural areas, the
continued sachetization of airtime had significant cost implications
on airtime production and distribution. In Tanzania, for example,
“the most sold voucher was 200 Tanzanian shillings; so small that costs
were eating up everything” [P13].1° Telcos wanted airtime to be
“voucherless” and they wanted subscribers “to [buy airtime] the way
they were sending airtime (airtime exchange) to each other” While
telcos’ sought to digitize airtime as part of their operational effi-
ciencies, stakeholders such as airtime agents had different concerns.
An agent who scaled telecommunications services in Uganda in the
early 2000s remarked that airtime vouchers “looked cancerous”[P11],
arguing that scratching the gray-ish coating on airtime vouchers
to reveal the top-up code exposed one to potentially cancerous
chemicals. In other cases, there were real concerns about the theft
or even loss of the physical scratchcards. As such, the digitization of
airtime also constituted appropriation by the telcos. However, the
physical vs. digital airtime debate was an amalgamation of public
health and sustainability issues that are beyond the scope of this
paper.

The successes of electronic airtime distribution, in part proved
that agency networks would be capitalized on to evangelize and
expand mobile money reach. Many participants lauded the telcos,
notably MTN and Safaricom, for mobilizing the requisite resources
to develop strong structures and tiered incentives that enabled
agent networks to flourish.

“Safaricom on its part also did heavily invest in creating
an agent network...they set up agencies with people
who had existing businesses, as well as leveraging their
existing network of agents who were working on mobile
[airtime] businesses.” [P05]

Given agents’ proximity to communities [P18] [P15], one par-
ticipant from Kenya [P05] added that agents provided an essen-
tial interface through which subscribers interacted with ‘partners’
[agents] who were willing to be the face of the ‘community’ [telco].
As such people felt “very comfortable and familiar with the brand,”
and did not need to visit the telcos’ headquarters anymore as was
in the earlier days of mobile telephony [P05].

In line with responses from participants who scaled prepaid
telecommunications in Latin America and other parts of the world
[P12] [P18], besides signaling challenges that arose as networks
scaled, the distribution of airtime and maintenance of agent net-
works seemed like a more pressing challenge. Two participants
[P05] [P10] even claimed the initial failed efforts of telcos and many
companies in mobile money markets “in Africa” can be traced to
their tepid efforts at establishing strong agent networks. For exam-
ple, a consultant [P10] who scaled telecommunications operations
all over Africa said that MTN did not build any retail infrastruc-
ture specific to mobile money [in Nigeria] as they built on top of
the existing telephony retail infrastructure. Telcos did not only
capitalize on agent networks but also weaponized them against

101 2000, this was equivalent to 0.25 US dollars, according to World Bank data -
https://data.worldbank.org/indicator/PA.NUS .FCRF?locations=TZ
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potential competitors; for example through agent exclusivity agree-
ments [26] and monopoly power. This participant summarily put it
that: “[YJou don’t have agents, you don’t have [mobile money]
infrastructure” [P10].

532 “BecomingaThreat”: How telcos dominated banks and
everything else. Telcos have become a permanent feature of ev-
eryday life in most African countries, permeating media, practices,
and behaviors, and even transitioning into other spheres (such as
banking). We call this process naturalization (akin to the reification
of natural monopolies in particular places; powerful or revered or
both [25]). For many observers this leads to an ambivalence: both
a pride at how successful telco adaptations have been, but also a
critique of how telcos use their monopoly power. From a technical
standpoint, the majority of the participants spoke fondly of USSD’s
sustained role in supercharging the ‘prepaid’ model that caters
to the needs of the masses at locally relevant and metered rates.
USSD’s universality [131] did not only entrench prepaid telephony
but also created a ramp for value-added services like mobile money.

“When you use the same interface that people are used
to already...and airtime was already something they
needed. So bringing in mobile payments was easy for
them to accept because the interface has not changed.”
[P10]

This naturalization also seeped into the telecommunications in-
dustry itself, fostering imitation, experimentation, and surprise. For
instance, it was said that the 2009 launch of MTN mobile money
in Uganda was inspired by the successes of Safaricom’s M-Pesa in
Kenya in 2007. Despite M-Pesa’s success in Kenya, MTN Uganda
was skeptical about mobile money’s potential and had not con-
ducted market or usability studies.

“[MTN Uganda] placed the mobile money service under
Publicom [its subsidized rural telephony service], which
in my opinion shows that it wasn’t taken very seriously
initially. And management was probably as surprised
as the rest of us when [the mobile money service grew
rapidly].” [P03]

In Kenya’s case, some participants amusingly reported that M-
Pesa was not the first mobile money service in the country [P18]
[P15] [P08] [PO5]. One of the participants reported that Zap, a
mobile money product “run by two guys [at Zain]” [P08] was the
first to launch in the market.

Yet the emergence of telco-led value-added services was a bell-
wether of the impending opportunities for collaborations and con-
flicts between telcos and other entities, notably banks, which were
confronted with a competitor who quickly rose through the ranks
of mass financial services provision. For most African nations since
independence, banks controlled access to formal financial services,
flanked only by small-scale informal finance [104]. While banks
initially dismissed mobile money - for instance, [P15] shared that
the managing director (MD) of a large commercial bank in Kenya
was unfazed by M-Pesa’s market entry — they quickly realized that
it was “becoming a threat” [P15]. M-Pesa was doing ‘viral’ num-
bers [102], and for the best part, banks grew even more insecure
because “[they] were still very, very primitive” [P10]. In the early
2000s, a lot of banks did not have proper switching and were not
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as efficient as they are today. In East Africa; “[it was not until later
in the] 2000s that banks came up to speed with systems that allowed
[...] instant settlement” [P03]. Given telcos owned the ‘rails’ to the
consumer market via mobile telephony value-added services, they
had a significant advantage in dominating retail financial services.

If the language of technical difference obfuscates the nature
of the relationships between telcos and banking entities, perhaps
considering business relationships between these entities might be
helpful. The advent of mobile money was closely followed by the
development of telco loyalty programs; these programs rewarded
telco subscribers with ‘special purpose’ tokens for spending airtime
within the network. One of the most popular versions of such
tokens is ‘Bonga Points,’ Safaricom’s loyalty program that launched
in Kenya in 2007 [142]. Even though tokens essentially worked like
airtime, their use outside of telco networks, particularly at telco-
approved merchants such as supermarkets and fuel stations, was
reminiscent of airtime exchange. However, the loyalty program’s
initial design did not cater to external value exchange as airtime
exchange: the Points were locked within the telco itself although
these Points could also be used in secondary exchanges (a la airtime
exchange). When a startup built a platform to trade Bonga points,
“they were shut down by Safaricom” [P04] — only for the telco to
launch a similar product in the aftermath.

533 “An Economist Who Understood Mobile Money”: Navi-
gating (or failing to navigate) barriers around appropriation.
Reverse-appropriation was — and is — not something particular
to telcos. Many banks, startups, and development agencies have
engaged in reverse-appropriation (with varying degrees of success).
Many instances of reverse-appropriation were enabled by regula-
tors and governments. For example, almost all participants (except
those from Tanzania and the US) credited Kenya’s laissez-faire reg-
ulation for enabling the emergence of mobile money. Some even
cited the famous Hughes and Lonie [72] paper as proof of Kenya’s
government’s thought leadership. A participant [P14], who had a
top job in the Kenyan government and worked on resolving the ten-
sion between banks and telcos in the mobile money arena confessed
that there was a way to navigate and spearhead “policy around the
ministers if they were not aligned.” In this case, the technocrats who
had understood the potential merits of facilitating M-Pesa’s legal
status coordinated among themselves and forwarded the mobile
money issue to H.E. Mwai Kibaki, then the president of Kenya who
was “an economist...and understood it [mobile money].” The
banking lobby’s effort to fight M-Pesa’s legality failed, but that
was not the end of back-and-forth relationships between banks
and telcos (as we have shown in the preceding sections, there are
still, as expected, certain forms of tension and competition between
telcos and everyone else).

Yet despite regulatory approval, there were no guarantees of suc-
cess under reverse-appropriation. While the narratives presented
below should not be construed as derisive depictions of failure
or experimentation, they show that entities outside of traditional
telecommunications also performed reverse-appropriation, draw-
ing on variegated user practices or widely observed industry trends
(which produced varying outcomes). In one example, [P18] argued
that before M-Pesa there was a small Tanzanian company called
E-Fulusi, which was the “first mobile money aggregator operator in
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East Africa that [in 2004] had permission from the central bank and
telecommunications regulator.” This like the example on Zap preced-
ing M-Pesa are helpful comparisons. However, [P18] concluded:

“[E-Fulusi’s] issue was that they didn’t have several mil-
lion dollars of liquidity to put into the system. In order
for you to operate a million dollars worth of transac-
tions you need to actually deposit a million dollars into
a physical bank account.” [P18]

But there was a startup company that had millions of dollars
and could not attain market success. [P17] recounted the story of
this unsuccessful attempt, focusing on the startup’s endeavor to
replicate mobile money. Founded in 2010 (three years after M-Pesa
launch in Kenya), the startup boasted of “a virtual wallet where [you
could] load physical cash through an agent network, and through
which you could cash out.” The participant [P17] who joined the
startup to scale operations in seven (of the 13) targeted countries
in Africa said that their products were not only telco and bank-
agnostic but also very secure (for instance, they used advanced
voice biometrics and PIN authentication for their merchant propri-
etary point-of-sale terminals). Reflecting on the startup’s failure,
he resolved that “[t]he thing that killed the business was [we] tried
to do too much at the same time.” There are several related stories
of reverse-appropriation that predate mobile money’s success. For
example, a large consortium of a US-based company firm and banks
based in Uganda (with the support of global development actors)
drew inspiration from the promise of ‘Me2U’ airtime transfer in
Uganda to develop a better smart card product in Uganda [32]. Much
to the consortium’s dismay, this attempt to roll out smartcards in
the mid-2000s did not succeed.!!

6 DISCUSSION

This paper’s definition of appropriation is consistent with most
definitions of appropriation, which refer to the unexpected manip-
ulations or adaptations made to artifacts by users in concert with
others or with things [12, 35, 40, 115, 125, 165]. In the pursuit of
a better understanding of mobile money’s invention, this paper
found an unexpectedly rich dialectic of appropriations between
user/producers and producer/users, and their artifacts and imag-
inaries. Through the appropriation matrix, we reveal a tangle of
invention, institutional power, and happenstance that have not
been fully accounted for in portrayals of the transition from airtime
exchange to mobile money in HCI and design, and development.

6.1 Implications for empirics: Following the
action of users, artifacts, and imaginaries

The three elements of appropriation — users, devices, and imaginar-
ies — offer conceptually and analytically useful in two important
ways: first, identification of relevant actors and sources of action,
and second, charting the direction in which appropriation(s) un-
folds (through growth and change). Because appropriation is a
relational accomplishment (manifested in unexpected alterations

Relatedly, still in Uganda, in the early days of mobile money in the late 2000s,
anthropologists at Nokia, then a large global tech corporation conducted a study of
mobile money’s then slow uptake in some parts of the country but were impressed
by the way rural users were fast to “conceptually grasp” how mobile money worked
based on how they “related the service to buying and selling airtime” [69].



CHI ’24, May 11-16, 2024, Honolulu, HI, USA

Daniel Mwesigwa and Christopher Csikszentmihalyi

Table 2: The table below is a high-level summary of the appropriation matrix including the elements of appropriation (users,
artifacts, imaginaries) in their respective vectors (appropriation, re-appropriation, reverse-appropriation). The text in this table
is color-coded to guide the reader in ‘following the action’ of elements of appropriation: the elements highlighted in navy blue
are underscored by the concept of production; in dark red, by accomplishment; and in dark green, by consumption. Below, in
section 6.1, we detail the conceptual bases of these elements and how they fit into the matrix.

‘ Appropriation ‘ Re-appropriation ‘ Reverse-appropriation ‘
Users Users Users
- Telcos (consumers of global GSM) (producers of new technologies - Telcos
- Governments e.g., airtime exchange) - Banks and startups (including VAS)
- Development actors - Subscribers - Governments

- Small-scale entrepreneurs (human infrastructures) | - Development actors
- Value-added service (VAS) providers

Artifacts
- GSM aspects (e.g., SS7 and USSD)

Artifacts

- Airtime exchange and beeping
- Human infrastructures (airtime agents) | - VAS (e.g., international simbox calls)

Artifacts
- Mobile money products and services
- Human infrastructures (mobile money agents)

Imaginaries
- Marketing and advertising

Imaginaries

(e.g, operational efficiency;
ICT for Development)

Production > Accomplishment <> Consumption

- Metered/calculative mindsets
- Grand [development] visions and plans | - Bridge-builder visions and imperatives
(e.g., agents and VAS providers)

Imaginaries

- Grand [development] visions and plans

(e.g., operational efficiency; financial inclusion)
- Regulatory regimes

(e.g., M-Pesa approval vs. simbox crackdowns)

to artifacts), each stage of appropriation involves some kind of in-
teraction between the three elements. Accordingly, the elements of
appropriation reveal insights about particular actors and actions
(material and symbolic) involved in appropriation across space and
time. In section 4 (on rethinking appropriation), we reexamine ele-
ments of appropriation that are underpinned by a three-category
substrate: Production <> accomplishment < consumption. In
this section, we will show how each element of appropriation in-
teracts with the three-category substrate (See the color-coded text
in the appropriation matrix table 2, drawn from sections 4 and 5).
Although each category (production, accomplishment, and con-
sumption) has distinct characteristics, they simultaneously operate
and apply to all three elements.

Let us start with our first element: users (who might be produc-
ers or consumers or both). Odumosu [126]’s ‘constitutive appro-
priation’ helps set the stage on how users at individual or societal
levels make technology “theirs” Odumosu’s declaration, mentioned
earlier, that production and consumption are simultaneous means
that they are also co-constitutive; they are “not ontologically rei-
fied” Drawing on his ethnographic portrait in Nigeria, we would
argue even further that MTN Nigeria was a user (or consumer) of
global telecommunications infrastructure — not only MTN’s systems
engineers. Through its engineers (and other political and institu-
tional resources), we argue that MTN reconfigured the telecom-
munications system. Evidence from our interviews complements
the view that telcos in Africa were users who utilized institutional
and regulatory resources; notably historical [77, 78] and contempo-
rary [10] global investments and capital flows, and were bound to
global vendor chains [20] (see section 5.1.1 on signaling adaptations
in telecommunications). Yet in the same vein, we argue that sub-
scribers, who are consumers of telecommunications products and

services, are producers. Odumosu emphasizes that consumption
of a product entails “[producing] knowledge about its possible and
varied uses, constituting cultural practices around the artifact or
system, the formation of community, and in some cases even the re-
configuration of the artifact or system itself” However, in electronic
exchange worlds, consumers vary. For example, in our findings, we
see heterogeneous groups of formal and informal users who have
variegated interests and demands in electronic exchange circuits
(cf. ‘user publics’ [137]). These users also included actors such as
mobile money agents and third-party software developers who
leveraged (or appropriated) telecommunications in their own ways.
Accordingly, we argue that telcos are consumers (of networking
equipment and services) just as users/subscribers are producers (of
meaning, value, and in this case new technologies).

Throughout this article, we challenge the stability of artifacts:
we develop the term ‘infra-artifact-structure’ to capture entangle-
ments in artifact worlds and the worlds in which artifacts circulate.
Following Larkin [92], an artifact (our modification) is “recursive
and dispersed.” This portrayal shows one such part of an artifact’s
complexity. As we show in the findings, telcos in Africa adapted
the GSM to the realities of their markets, despite the standard never
having been designed for the Majority World [166]. These adapta-
tions included technical (e.g., signaling adaptations) and business
innovations (e.g., the prepaid model). It is important to note that
by the time GSM was adapted to African markets, the standard
had already undergone periods of tension and negotiation in Eu-
rope and the US. Subscribers, on the other hand, worked around
mobile telephony’s affordances to exchange value and meaning
(e.g., airtime exchange and beeping, respectively). These creative
hacks or practices, whether by telcos or subscribers, varied in name
and significance but they demonstrated that telcos and subscribers
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were intensely bound to the same object: the mobile phone. And
this mobile phone was used differently within various ecologies
of electronic exchange [157]. However, imaginaries are pivotal
in articulating the relationship between users and artifacts. For
organizations, imaginaries mobilize allocations of resources and
authorship of grand visions and strategic plans. For individuals,
especially at the margins, imaginaries might help them ‘make do’
in everyday life. But imaginaries serve a larger role: disciplining.
Meso and macro-level imaginaries wield certain forms or poten-
tial of disciplinary power that are circumvented or challenged by
individuals and groups at the micro level. The international call-
ing bypass operation in Kenya is a great example of how users
have appropriated mobile telecommunications [19, 38, 65] in acts of
‘creative resistance’ [54] or even ‘appropriation to parity’ [146]. In
direct response (but this could be preemptive too), powerful actors
like regulators have promptly shut down such operations on the
grounds of “illegality”

It is the work of the researcher, therefore, to identify the (addi-
tional) elements of appropriation through ‘inversion, a tactic of
surfacing what is usually relegated to the invisible [16]. Karasti
and Blomberg [88] write that it is incumbent that the researcher
construct the field (for empirical and analytical work) but should be
open and curious to “new ways of conceptualizing.” Dell and Kumar
[30]’s HCI4D agenda supports this point. Dell and Kumar’s agenda
argues for more (perhaps better) theorization in HCI alongside
improved and inclusive cross-disciplinary engagements between
HCI/design practitioners and development economists (disciplines
read in different registers), and with communities in and from the
Majority World.

6.2 Implications for analytics: Using the
appropriation matrix as an explanatory
framework

In our framing of the appropriation matrix, we approached the word
‘matrix’ as a space of transformation. Its Latin origin indicates that
‘matrix’ is a site of formation and development. Both framings point
to the same thing: growth, change. While we seem to co-opt trans-
formations and vector spaces in our theorization, we do not use these
concepts within their mathematical definitions; rather, we use these
concepts within the appropriation matrix to extend the conversa-
tion on electronic exchange to empirically driven work in fields
such as HCI and development economics and beyond.'? Following
Dourish [41], “[w]hat is critical here is not the account of what
happened, but the explanatory frame by which this account can be
organized and the narrative that connects historical moments.” This
framing has two important implications for empirics (observations
or aspects that support certain evidential claims) and heuristics
(assumptions or biases underlying certain positions) regarding ap-
propriation in global HCL. In the paragraphs below, we will show
how the matrix: i) facilitates a rigorous and transparent assessment
of evidence, and ii) strengthens assumptions about observations or

12The mathematical, computer science, and even the science fiction connotations of
matrices were not lost on us. Nick Seaver’s [150] — but really Malinowski’s term —
bastard algebra is telling. No discipline is pure, our paper is evidence but more so
the “enduring sub rosa algebraic imaginations in the social sciences” Nonetheless, we
hope the appropriation matrix is allowed to “overflow [its] borders and relate without
permission.”
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trends of technology change in ecologies of electronic exchange.
Altogether, the appropriation matrix challenges reductive teleolo-
gies by placing the empirics and heuristics of electronic exchange
within relevant local or global contexts where open and reflexive
analysis can happen.

Appropriation is at the heart of the transition — or transforma-
tion — from airtime exchange and mobile money, and evidence
from our research indicates that there were three discrete vectors
of appropriation, i.e., appropriation, re-appropriation, and reverse-
appropriation. While the appropriation matrix in this paragraph
delves into the structure of appropriation, readers are reminded
that the elements of appropriation perform the necessary work
that animates the appropriation matrix (see preceding discussion
point for conceptual and theoretical clarification on the element
of appropriation). In the first vector of appropriation, telcos and
governments adapted GSM to local conditions in various African
markets following telecommunications market liberalization in the
90s [5]. Our participants revealed that technical aspects of GSM
such as USSD and business models such as prepaid were refig-
ured to facilitate the take-off of mobile telephony in the Majority
World. Yet, as we also showed, government actors in places like
Tanzania created licensing frameworks that enabled the design
and development of value-added services. In the second vector,
re-appropriation occurred when users met a technology that had
been developed with very different material, social, and cultural
realities in mind, and built their ways of exchanging value by cre-
atively misusing it. Our findings showed how entrepreneurs in
formal sectors built a whole range of value-added services includ-
ing international calling operations (between Kenya and India, for
instance) and other information services. In informal sectors, or-
dinary users including mobile money agents performed essential
roles in enabling practices such as airtime exchange in countries
such as Uganda, Zimbabwe, Botswana, and Kenya. In the third
vector, under reverse-appropriation, telcos (and other entities)
saw the improvements users had made, and commoditized them,
replacing variegated formal and informal user practices with formal
and proprietary systems, thus extracting value in the process. As
we showed in the findings, reverse-appropriation is characterized
by an even larger cast of actors including telcos, banks, startups,
and governments.

6.3 Implications for heuristics: Using the
appropriation matrix to challenge
teleological narratives in HCI, development
economics, and beyond

It is easy to (heuristically) understand that aspects of mobile money
are better than airtime exchange and that mobile money offers a
more coherent vision of formalization, where users leverage cash-
lessness in domestic and cross-border exchanges, and corporations
and governments gain better visibility into these transaction trails.
However, the majority of such heuristic arguments often give way
to teleological narratives in ecologies of electronic exchange. Mobile
money’s said inevitability — as the supposed final form of airtime
exchange writ small or money writ large [105] - is one such mani-
festation of teleology. Moreover, dominant development discourses
tend to valorize the transition from informal practices (such as
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airtime exchange) to formal technology (like mobile money). The
appropriation matrix can therefore be used to develop reflexive
heuristics essential for challenging reductive teleologies in ecolo-
gies of electronic exchange. We show this in two cases: in HCI and
development economics.

In HCI and design, the appropriation matrix can facilitate critique
and imagination that recognizes the contingency of mobile money’s
trajectory. The appropriation matrix shows that there were many
factors at play and that the eventual design of mobile money could
have been different (and perhaps could change in the future). To
be sure, appropriation is not something that happens once and is
resolved at moments of enclosure; appropriation is ongoing and
its implosions vary depending on time and place. Even though
the vectors in the appropriation matrix may appear roughly serial,
they are recursive and overlapping. Given the multi-sitedness of
appropriation in electronic exchange worlds, it is possible that
some stages (or vectors) could have been experienced differently
than others, in different places. Our findings show that reverse-
appropriation, for instance, was more apparent in Kenya than in the
UK. In Kenya, reverse-appropriation entailed the work of entities
such as telcos, multinational R&D labs, consortia of banks, and
development agencies. The UK, however, primarily covered the
initial operational and technical costs through Vodafone Group
[72].

In development economics and other policy-oriented disciplines
that focus primarily on economic impact, hypotheses are formu-
lated, in part, using heuristics. Hypothesis generation is seemingly
the sole non-scientific aspect of an otherwise highly formalistic or
quantitative discipline [148]. While the economic impact of mobile
money is tentative, Aron [8] convincingly argues that “interpret-
ing the evidence on the economic impact of mobile money is not
straightforward,” because of data and methodological shortfalls.
The appropriation matrix could help policy researchers confront
some of these challenges by, for instance, disentangling the mo-
bile phone from mobile money service. As articulated in section
4.1.2 (on infra-artifact-structures), the mobile phone is entangled
in multiple ways, and economists could better account for such
entanglements (for example the role of airtime and USSD) in their
hypotheses. When do airtime transactions account for economic
impact in a given geography, for example? The appropriation ma-
trix can additionally be useful in explaining unobservable aspects
of mobile money such as the enduring practices related to airtime
exchange or larger structuring forces such as corporate or statist
imaginaries.

6.4 Implications for the moral economies of
appropriation: All the way down

The ethical ebb and flow of appropriation is complex: many users
engaged in airtime exchange or beeping without considering it
theft, while a few allegedly broke the law by using voice-over-IP
to undercut high prices for international calling (simbox fraud).
We do not argue that it is surprising that the widespread ‘hacks’
local communities invented, creating value by appropriating telco
networks, later became commercialized or enclosed. Indeed, this
is the norm in capitalism, not the exception, extolled or lamented
alternately [29, 170]. As Delfanti and Séderberg [29] point out, even
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the tools that self-identified hackers develop to resist or bypass cor-
porate power are doomed to be eaten. “The technical innovations
coming out of this conflictual symbiosis, such as, for instance, mod-
ular software code, mesh computer networks, distributed retrieval
systems (i.e. filesharing protocols), and private cryptography, have
all been integrated in the material infrastructure of capitalism” [29].
One might wonder, rhetorically, what hope does a boda-boda (two-
wheeled motorcycle) driver hoping to send money home to family
have to resist enclosure? Yet in many cases — postal banking, public
education, public roadways, physical currency itself — political de-
cisions have been made to declare certain types of essential human
activity a public good, not proprietary, monopolistic, or subject to
unchecked commercialization. Might the electronic storage and
transfer of value be one of these?

This study focused extensively on appropriation within the or-
bits of regional telcos such as MTN and Safaricom (Airtel, to an
extent). The telecommunications market in Africa is oligopolistic,
meaning that a few players dominate their respective markets [5].
Market structures are important, however they do not solely de-
termine all the characteristics of technologies developed and sold
within them. Why did Safaricom and MTN consistently produce
similar electronic exchange products? The short answer could be
that these telcos simply adjusted their technology designs in align-
ment “with the development trajectories set out by these and other
experts” [112]. In other words, companies might copy each other.
Sociologists frame this ‘alignment’ as ‘institutional isomorphism’
[34]; where organizations within a particular field become more
similar over time. This isomorphism embodies moral tenors: telcos
copied from each other, and from users too. For example, telcos
copied and replicated their competitors’ products and services (and
even marketing campaigns!).'> As telcos copied users — including
third parties like agents and software developers — we argue that
they absorbed user knowledge and inventions, displaced norms and
practices, and enclosed formal and informal electronic exchange
practices into their revenue streams.

Safaricom’s ‘openness’ has been fronted an exception to the rule.
Guma’s [66] illustrative paper on mobile money and urban infras-
tructures in transition suggests that Safaricom’s M-Pesa “opened
up to further incremental improvisation and progressive widening
with its initial deployment, unearthing unanticipated usages from
users who were determined to inscribe other functions into the tech-
nology” This assertion is true to some extent. While users receive(d)
credit for championing the workarounds in M-Pesa [72, 169], they
are not recognized in formal registers of knowledge and intellectual
property. M-Pesa’s patent filing [118] in the US did not even credit
the system’s inspiration to innovative ordinary folks in Kenya but
observed the pre-existence of similar systems in other parts of
the world, particularly in the Philippines where relatively smaller
mobile payments systems were first deployed in the early 2000s
[123, 168]. It is unsurprising that local communities are credited
and celebrated publicly, but not remunerated [120].

3These adaptations were often done without substantive consideration for user feed-
back or input (Uganda’s mobile money case, for example). This is not to suggest that
telcos suffered from a particular lack of imagination or ability to innovate. They had
talented designers, engineers, and marketers.
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6.5 Limitations and future work

This study had two major limitations. First, the interview sample
size might have been limited; although small n sample sizes are
not uncommon in HCI and design studies, this research could have
benefited from a wider sample size, including an additional group of
actors in computing, policy, and media. Second, there was limited
literature on key aspects of GSM like USSD and SS7. While the
study benefited from a large amount of academic (e.g., Odumosu
[126]) and non-academic (e.g., Temple [166]) literature, technical
aspects such as USSD lacked substantial longitudinal literature
across different corporations or regions, despite their importance
in GSM networks. Moreover, a handful of HCI-oriented studies on
USSD are application-specific, for example, studies about m-health
or mobile money itself [131]. Economics-oriented research barely
mentions USSD, despite USSD’s distinct role in global telecom-
munications and development. Future work could address these
limitations. In addition, future work could develop a theoretical
model of designing formalization from a citizen-centric, rather than
corporate-centric, perspective. We anticipate that this goal is im-
possible with a technology design alone, but rather would require
a closer simultaneous design of technology and policy, instantiated
by one or more social movements or currents of change.

7 CONCLUSION

This paper reexamined appropriation in global HCI and rethought
fundamental elements of appropriation. As such, the paper devel-
oped the appropriation matrix, a novel theoretical tool for under-
standing and interpreting technology transitions (and their world-
disclosing properties) in three discrete but often overlapping stages:
appropriation, re-appropriation, and reverse-appropriation. In par-
ticular, we drew on the transition from informal electronic exchange
practices such as airtime exchange into commoditized products like
mobile money. Despite mobile money’s many and important contri-
butions to society, it is, like every commercial product, a negotiation
amongst users (telcos, subscribers, development actors, etc.), their
artifacts (what we have called infra-artifact-structures), and imagi-
naries (visions and practices that mobilize or are used to rationalize
action). We have drawn on such negotiations to open conversation
between HCI and development economics challenging reductive
assumptions on the inevitability of newer or certain technologies
(e.g., mobile money) while also providing a framework for deeper
empirical and analytical work in both fields (and beyond).
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