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Infrastructure is an indispensable part of human life. In the past decades, the Human-Computer Interaction
(HCI) community has paid increasing attention to human interactions with infrastructure. In this paper, we
conducted a systematic literature review on infrastructure studies in SIGCHI, one of the most influential
communities in HCI. We collected a total of 190 primary studies; the corpus includes studies published between
2006 and 2024. Most of the studies are inspired by Susan Leigh Star’s notion of infrastructure. We discover
three themes of infrastructure studies, including growing infrastructure, appropriating infrastructure, and
coping with infrastructure. We foreground the overall trend of infrastructure studies in SIGCHI, which focuses
on informal infrastructural activities in various socio-technical contexts. Especially, we discuss studies that
problematize infrastructures and alert the HCI community about the underlying harmful side of infrastructure.
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1 Introduction

Infrastructures are large-scale systems that support people’s routines, like power grids that ensure
residents’ electricity supply. In their seminal work “Steps Toward an Ecology of Infrastructure:
Design and Access for Large Information Spaces” [225], Susan Leigh Star and Karen Ruhleder
reconsidered the term infrastructure as a conceptual framework for information system studies.
They proposed that infrastructure is relational and socio-technical. Infrastructure includes not only
technical and physical foundations (e.g., generator stations, transmission lines, and towers) but also
the actors and activities around the foundations (e.g., engineers and staff and their maintenance
work). Specifically, Star and Ruhleder further elaborated the concept of infrastructure through
eight characteristics [225]: 1) infrastructure is embedded into its environment; 2) infrastructure is
transparent when at work; 3) infrastructure can reach beyond a single event or site; 4) new partici-
pants learn infrastructure through becoming a member of it; 5) infrastructure shapes and is shaped
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by conventions; 6) infrastructure is plugged into other infrastructures in a standardized manner; 7)
infrastructure is built on installed bases; 8) infrastructure becomes visible upon breakdown.

In the recent three decades, infrastructure has become an increasingly prevalent framework
in various fields related to HCI, like Science, Technology and Society (STS) [51, 244], Computer-
Supported Cooperative Work (CSCW) [118, 176], Participatory Design (PD) [45, 116, 119, 163],
Ubiquitous Computing (UbiComp) [137, 148], Information & Communication Technologies and
Development (ICTD) [167, 205], and Accessible Computing [25, 167, 214]. On the one hand, schol-
ars use infrastructure to comprehend large-scale and distributed systems in different contexts
[10, 27, 28, 78, 83, 87, 192]. For instance, Accessible Computing researchers [167] use accessible
infrastructure to describe "the social, economic, and technical conditions that form the larger envi-
ronment in which accessible technologies are usable. [167]". CSCW researchers refer to networked
information technologies supporting scientific research activities as cyberinfrastructure [10, 83, 192].
STS researchers combine the concept of infrastructure with currently popular platform studies and
argue that "platform-based services acquire characteristics of infrastructure, while both new and
existing infrastructures are built or reorganized on the logic of platforms" [179]. On the other hand,
scholars explore methodologies that could better comprehend human-infrastructure interactions.
Star introduced ethnography methods to investigate infrastructures [223]. Participatory Design
researchers [19, 63, 119] use infrastructuring as an approach to encourage users’ engagement in
infrastructure design, while Information Scientists [177] develop infrastructuring as an analytical
unit that indicates users work for making an infrastructure work. STS scholar Vertesi [244], who
was inspired by UbiComp scholar Weiser [254, 255] and Chalmers [40], proposed seamful spaces to
research the heterogeneity in multi-infrastructure environments.

Additionally, the popularity of infrastructure causes discipline-level efforts to review its im-
pact and set agendas for future research. Scholars in various fields conduct literature reviews of
infrastructure studies [81, 116, 126, 262]. For example, Helena Karasti [116] traced how the PD
community adopted and developed the concept of infrastructuring. By reviewing the literature
on infrastructuring in participatory design, Karasti emphasized the social and relational side of
information infrastructure; in addition, Karasti also discusses how infrastructure can scale beyond
a community by constructing the field with reflexivity and by understanding the political nature of
people. This helped us better recognize the importance of social factors in infrastructure studies
when doing our review. Besides, Inman and Ribes [89] reviewed seamless design and seamful de-
sign, two concepts that are closely relevant to infrastructure studies, in the Ubiquitous Computing
literature. They discussed the contexts and situations where designs should be seamful or seamless.
The discussion of seam also inspired our discussion of transparency/visibility and problematization
of infrastructure (more details in the discussion section).

The work mentioned above in various domains proves that infrastructure studies have great
value in understanding the design, management, and use of large-scale systems. Such value of
infrastructure studies is also applicable to HCI, where people focus on interactions between humans
and technology. Moreover, infrastructure studies have also been increasingly prevalent in HCI
[92, 133, 266]. The value and popularity of infrastructure studies in HCI warrant a review. That said,
little research has been done to systematically review how this concept was adopted, developed,
and internalized by HCI people. To fill the gap, we present a literature review of infrastructure
studies in HCIL. Specifically, we chose infrastructure studies in SIGCHI as the sample. SIGCHI is
one of the most influential communities in the field of HCI and one of the most popular databases
of literature reviews in HCI [24, 162, 164]; therefore, infrastructure studies in SIGCHI could be
representative of research on infrastructure in HCL

We take a systematic approach to conducting the literature review. We collected a total of
190 infrastructure studies. From the 190 studies, we observe that from 2006 to 2024, the SIGCHI
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community has been increasingly interested in infrastructure studies. In addition, most of the
infrastructure studies in SIGCHI (143 out of 190) adopted Star’s notion of infrastructure [29,
163, 223-225] as a theoretical foundation. We apply thematic analysis [30, 67] to capture the
themes among the infrastructure studies in HCI. Three themes emerge from the systematic review,
including growing, appropriating, and coping with infrastructure. Growing infrastructure includes
developing, sustaining, and repairing infrastructure. Appropriating infrastructure describes how
people utilize infrastructures to facilitate collaboration and participation. Coping with infrastructure
shows interest in situations where infrastructures constrain or fail to support people; people in
such situations have to come up with countermeasures to overcome the adversities caused by
infrastructures. To be noted, by reviewing the papers, we also identify the dynamics of infrastructure
stakeholders. Infrastructure studies cover a wide range of stakeholders. Infrastructure studies in
anthropology [130], STS [13], and geography [70], have emphasized that infrastructure stakeholders’
roles and characteristics are situational and influenced by various factors. That said, we wanted to
foreground a pattern throughout the dossier of infrastructure studies we reviewed: there exists a
significant discrepancy in terms of power, knowledge, and resources among different infrastructure
stakeholders in infrastructure studies. And the different status would influence their experiences
with infrastructure and even the way researchers study the experiences. We elaborate on this part
in the findings and conclusion sections.

Our contributions to the HCI literature are threefold. First, we document the corpus of infras-
tructure studies in SIGCHI with a clear, thorough, and justified methodology. Second, from the
systematic review, we discover three themes of infrastructure studies, including growing, appro-
priating, and coping with infrastructure. Third, with the findings, we discuss studying HCI from
an infrastructure perspective, and the problematization of infrastructure; we also provide the
epistemological and methodological implications for infrastructure studies in HCI based on the
discussion.

2 Methodology

We took a systematic approach to reviewing the literature on infrastructure studies in HCI. We
selected SIGCHI publications as the database of HCI studies. SIGCHI is one of the most influential
communities in HCI and it publishes valuable and representative HCI literature. A number of HCI
literature reviews have used SIGCHI as the primary data source to collect HCI studies [24, 162, 164].
In addition, a systematic literature review requires reviewers to state and document the methodology
clearly and thoroughly [122, 124, 178]. Thus, we elaborated the entire procedure step by step.

To be noted, we aimed at collecting and analyzing papers that explicitly discussed infrastructure
as a specific socio-technical concept (i.e., providing a definition of infrastructure that involves
such nature in the paper), and primarily investigated the interaction between infrastructure and
some population. An example is Semaan et al’s work “Transition Resilience with ICTs: ‘Identity
Awareness’ in Veteran Re-integration [212]” When veterans returned to civil society after military
service, some of them experienced problems like post-traumatic stress disorder (PTSD). The study
introduced a social support infrastructure for such veterans’ life transitions. The authors defined the
infrastructure as “patterns of social connections and relationships among people enacted through
various ICT-mediated and offline networks. [212]” The infrastructure aligned the interactions in
support of the goal of helping veterans. The study investigated the interaction between veterans
and the social support infrastructure. The investigation revealed that the formal social support
infrastructure provided by governments was not capable of helping veterans. In facing the collapse
of the formal infrastructure, veterans constructed their own social support infrastructure with ICT.
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Fig. 1. The flowchart of the data collection process.

2.1 Data Collection

The data collection consists of four steps (see Fig. 1). 1) We went to the ACM Digital Library to collect
relevant primary studies. We searched for all papers published before 2024. In total, the search
process returned 625 items eligible for review. 2) Based on the criteria of previous HCI literature
reviews, we excluded workshops [24, 202, 209, 240], extended abstracts [209, 240, 245], doctoral
or master theses [14, 209, 245], editorials [240], and posters [202], because those publications are
considered to lack detailed descriptions of research [24, 202, 240] or to be under-reviewed [245]; we
also excluded non-English papers. After the exclusion, 342 remained. 3) We then extracted studies
that explicitly discussed infrastructure as a socio-technical concept (detailed criteria mentioned
earlier in this section). After step 3, 165 papers remained. 4) We took an extra step to search for
studies that could be missed in the former steps. We applied Wohlin’s snowballing methods [257]
for the additional search. When reviewing snowballed papers, we applied the same criteria used in
previous steps for screening, which means all papers we collected from this step were also published
by SIGCHI-sponsored venues, strongly reviewed, and closely relevant to infrastructure and HCL
The snowballing process added 25 articles. Therefore, we collected a total of 190 (N=165+25) primary
studies (See in Appendix A).

2.2 Data Analysis

We analyzed salient themes in infrastructure studies within HCI using thematic analysis [30, 67] to
interpret primary studies. Many reviews examine the adoption of concepts in HCI [56, 209], often
focusing on conceptual and theoretical innovations [209]. Following this approach, we employed
an inductive method to identify each paper’s theoretical foundation of infrastructure (how it
conceptualized infrastructure) and its contributions to the literature. For example, Lee [133] applied
Star’s notion of infrastructure to human organizations and introduced human infrastructure to
describe labor organization supporting infrastructure. Such conceptual contributions formed the
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core of our thematic analysis. We collected and coded all theoretical contributions based on their
specific aspects of infrastructure. Based on the coding results, we grouped codes that focused
on similar aspects. For example, we found that Lee’s [133] human infrastructure and Randall’s
[185] stakeholder positioning both were about collaboration on utilizing an infrastructure for better
efficiency. Therefore, we group these two codes, as well as other codes about collaboration, into
one category "collaboration" (See Fig 2). Thereafter, we compared each code, group, and category
back and forth to generate and refine themes.

That said, due to the complexity of conceptual and theoretical innovation, some codes might cover
multiple aspects of contributions to the infrastructure literature. Therefore, one single code could
be used in multiple groups or themes. Finally, we identified three overarching themes: growing,
appropriating, and coping with infrastructure. The themes are demonstrated in detail in Section 4.
In a sense, the three themes can be generally understood as three stages of the infrastructure
lifecycle. Especially, the themes are mutually informed because of their close relationships. For
instance, growing infrastructures involves the collaborative work of participants. In addition,
when infrastructure breaks down and fails to provide support, participants have to come up with
solutions to cope with the breakdown. Furthermore, given that some studies involve multiple
research interests, they may belong to multiple themes at the same time. Thus, the total number of
studies on three themes may not match the number of primary studies.

i ldentify Theoretical Contribution/ Group Codes to Category

: i ; Assign Code :

i Lee et al., 2006 : : Human Infrastructure : :
Primary Studies i : ; . “Collaboration” :

i Randall et al., 2015 : : Stakeholder Positioning i

| s

Fig. 2. The flowchart of the data collection process.

3 Descriptive Statistics

To provide a holistic overview of infrastructure studies in SIGCHI, we present the studies’ descriptive
statistics, including publication venues and methods. The overview demonstrates that, from 2006
to 2023, the SIGCHI community had been increasingly interested in infrastructure studies; most
infrastructure studies in SIGCHI applied qualitative methodologies.

Publication Venues. The study pool has a total of 190 primary studies. Most studies came from
CSCW (N=86), CHI (N=64), DIS (N=13), GROUP (N=9), and TOCHI (N=6). Papers from these five
venues constituted more than 90 percent of the entire pool (178 out of 190). A detailed description
of the publication venues and publication years of all primary studies is displayed in Appendix A.
We presented the distribution of publications by year in Fig. 3. To focus on the most popular
publications, we only specify the names of the top five venues. The rest of the papers (including
publications on UbiComp [204], UIST [155], MobileHCI [68], CHI PLAY [26], CABS [104], etc.)
are labeled as "Others." From the statistical results and the distribution diagram, we conclude that
infrastructure studies are becoming more and more popular in SIGCHI. From 2006 to now, at least
one infrastructure study has been published in SIGCHI every year. Especially, the number of papers
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significantly increased after 2011. In 2006-2011, SIGCHI researchers produced fewer than 2 papers
per year on average; in 2012-2024, they produced more than 13 papers each year. The increasing
number of publications each year indicates that the SIGCHI community’s interest in infrastructure
studies has been steadily growing.

H |
2
2 1 . 1] ]
T [ misnisnEEnEEn el
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

® CHI m CSCW = DIS = GROUP = TOCHI = Others
Fig. 3. Publication venues of infrastructure studies in SIGCHI (X-axis for year, Y-axis for number of studies).

Research Methods. Among all primary studies (N=190), 174 took qualitative approaches; 16
applied mixed methods. In terms of data collection methods, 170 of them deployed interviews,
either independently or combined with other methods like observation or a focus group; 6 analyzed
archived documents; 3 collected data through workshops; 3 used case studies; 5 collected other
types of data like online comments or participants’ reflection; there were also 3 studies that did not
demonstrate their data collection methods. Regarding data analysis, 61 employed grounded theory;
51 used thematic analysis; 16 applied inductive coding; 8 deployed deductive coding; 9 analyzed
through a combination of inductive and deductive coding; 15 mentioned other qualitative methods
like affinity analysis, interpretative analysis, or critical reading; 30 studies did not specify their data
analysis methods.

Concluding Notes. The rise of infrastructure studies within SIGCHI reflects a growing recog-
nition of theories that emphasize social factors and large-scale systems in HCI. Initially, since
its inception around the 1940s, HCI predominantly focused on technical problems, with research
objectives centered around personnel or staff who used technology systems in research or military
institutions [76]. Theoretical approaches in HCI during this period primarily employed cognitive
theories to address HCI issues [196]. However, in the late 2000s, with the widespread accessibility
of social media and smartphones, the landscape began to shift. The user base (the "H" in HCI)
diversified significantly. The technology component (the "C" in HCI) expanded to encompass
more than just a single device, evolving into a complex amalgamation of multiple information
systems. Concurrently, the nature of the interaction (the "I" in HCI) became more contextual and
situational [76]. This period marked a paradigm shift in HCI, with a heightened focus on social
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factors. Yvonne Rogers, for instance, referred to HCI theories during this time as "contemporary
HCI," highlighting "the emergence of a more self-conscious reflexivity and social conscience" [196].
John M. Carroll characterized this era’s focus as the "socially and materially embedded experience
of users" [37]. Therefore, it was a natural progression for the concept of infrastructure, which not
only underscores the social aspects of technology but also concentrates on large-scale systems, to
become an increasingly prominent concept in the field.

Furthermore, the descriptive statistics provide a comprehensive understanding of infrastructure
studies in SIGCHL These studies have emerged as trending topics within the HCI community. For
example, in 2021, SIGCHI published 23 papers, of which 7 addressed infrastructure breakdowns
during the COVID-19 pandemic (e.g., [34, 135]). This trend also mirrors the methodological evolution
in HCI. The past decades have witnessed the emergence of what is known as "the third wave of
HCI" [21, 58, 80], advocating for contextual, situated, and nuanced interpretations of human-
technology interactions. Correspondingly, infrastructure studies gained popularity in HCI during
these decades. These studies often focus on specific situations where practices are deliberately
organized to achieve particular objectives, demonstrating an interest in the intricacies of human-
infrastructure interactions. This historical context has significantly influenced the paradigm of
infrastructure studies. For instance, in terms of methodology, the majority of infrastructure studies
utilize qualitative methods, such as interviews, which are adept at capturing the subtleties of human
interactions with infrastructure, as opposed to quantitative approaches.

4 Findings

We obtained three themes from the primary studies. The themes demonstrate the various in-
teractions of actors with infrastructures, including growing, appropriating, and coping with in-
frastructure. Growing infrastructure includes initiating infrastructure development, sustaining
infrastructure, and managing the repair of infrastructures. Appropriating infrastructure talks about
utilizing infrastructures by emphasizing collaboration and promoting participation. Coping with
infrastructure pays attention to situations where infrastructures are constrained or fail to support
people; people in such situations have to overcome the adversities caused by infrastructures.

4.1 Growing Infrastructure

We identified 64 articles that worked on growing infrastructure. Growing infrastructure refers
to the activities that build and maintain infrastructures. Specifically, we introduce studies on
how to initiate infrastructure development, how to sustain infrastructures, and how to manage
infrastructures’ repair work.

4.1.1 Initiating the Development. Infrastructures are large-scale and distributed systems, and
such extensiveness is not achieved instantly. Rather, it takes a long process of infrastructural
development. Besides, infrastructures are built based on installed bases, indicating that developing
a new infrastructure involves numerous strategies to purposefully utilize existing infrastructures
[225].

The most salient topic on initiating infrastructure development was leveraging participants’
speculations of future infrastructures [94, 195, 220, 230, 258]. Researchers were aware of the
importance of various speculations in initiating an infrastructure. They created numerous concepts
to demonstrate the speculations [195, 220, 230, 258], which aimed at understanding participants’
expectations for potential infrastructure. One exemplar is Wong’s definition of infrastructural
speculation [258]. Wong and colleagues defined infrastructural speculation as "an orientation
towards speculation that aims to interrogate and ask questions about the broader lifeworld within
which speculative artifacts sit, placing the lifeworld (rather than an individual artifact) at the center
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of a designer’s concern" [258]. They drew particular attention to lifeworld, which emphasized, "the
things that must be true, common-sense, and taken-for-granted in order for the design to work"
[258]. The emphasis on the importance of ’lifeworld” when developing ’infrastructural speculation’
shows infrastructure researchers’ concern with the relationship between the future infrastructure
and the current infrastructures.

This topic is also consistent with ICTD literature on people’s motivation to build new infrastruc-
ture. Hussain et al. [86] reported a study of Rohingya refugees in Bangladesh, who were suffering
from the lack of infrastructure yet still desired to build one for a better future. The authors fore-
grounded social hope, a unique type of speculation among refugees, that focused on "a practical
and feasible future that is rooted in the morality of a community [86]" as the key motivation of
infrastructure development.

4.1.2 Managing Endurance. After infrastructure is built, another topic emerges: how to manage
its life cycle. As Participatory Design researchers [117] emphasize, infrastructure should be con-
sidered "from one-time technology development towards ongoing processes" [117]. The "ongoing
process” point of view emphasized the need to sustain infrastructure for the long term. In our
study pool, we observed a group of researchers that worked on the sustainability of infrastructure
[101, 185, 187, 188, 197, 229].

There were many concerns about the longevity of infrastructure. The most popular concern of
sustainability was time management. Researchers wanted the infrastructure to stay functional for a
long period of time. Ribes and Finholt [190] pointed out that infrastructure is "changing at a rapid
and ever-increasing pace; yesterday’s novel solutions quickly become today’s staple resources and
even faster seem to become tomorrow’s relics." [190] The juxtaposition of yesterday, today, and
tomorrow spoke to the inertia of installed base [225] and revealed the change of infrastructure as
time goes by. Another concern was capacity management [187, 188, 267]. As infrastructure grows,
the scale, personnel, and capability also change. The scale issues were due to the expanding coverage
of the growing infrastructure. To better manage the scale of infrastructure, researchers proposed
various attributes that could demonstrate the scale and capacity of infrastructure. Ribes [187]
showed interests in "[infrastructure] actors’ techniques and technologies for knowing and managing
large-scale enterprises, including the All-Hands Meeting, surveys, and descriptive statistics, and
benchmark metrics — each of these scaling activities seeks to represent and manage the size and
growth of these sociotechnical systems" [187].

When an infrastructure malfunctions or fails, it breaks down and needs repair. Infrastructures
work behind the scenes; the mechanism that determines the function of infrastructure remains
invisible until the infrastructure breaks down [225]. Thus, breakdowns reversely foreground im-
portant elements, which are oftentimes overlooked when infrastructures work smoothly [171, 180].
Especially in this theme, researchers found that infrastructure breakdown and repair not only
reveal failures but also generate valuable insights for future design [85, 151, 228]. Reflecting on this,
researchers revisited the idea of repair of infrastructure from a long-term and positive perspective,
considering it as a manageable property of infrastructure [97, 100, 197]. Like Rosner and Ames
said [197], "breakdown and repair are not processes that designers can effectively script ahead of
time; instead, they emerge in everyday practice." The unpredictable and inevitable breakdowns and
repair work formed a condition, where infrastructure participants had to constantly negotiate with
the damage of breakdowns, the benefits of stakeholders, the efficacy of repair work, and potential
risks [197].

Some studies also talked about how to end the life cycle of infrastructure [47]. Though it might
take a long period of time, most infrastructures "die" someday. Considering the large scale of
infrastructure, how to deal with the "death" of infrastructure is also an important research topic.
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Cohn et al. [47] reported the termination of an aging cyberinfrastructure, which was in the face
of "hardware’s material decay, programming languages and software tools reaching the end of
support, and obsolete managerial methodologies." The aging of the infrastructure involved a complex
process where different components aged at different paces. Cohn stated that the termination of
infrastructure could also be considered as a type of repair work that negotiated with the complexity
of the aging process, while the aim of the repair work was not to maintain the infrastructure but to
terminate it purposefully. Cohn called the "repair-into-decay” process convivial decay, showing a
way that actively ends the life of infrastructure [47].

4.2 Appropriating Infrastructure

We recognize 80 papers that investigate the appropriation of infrastructure. By appropriation,
we mean the adoption and utilization of infrastructures to serve certain purposes. Studies of
appropriating infrastructures include understanding collaboration and promoting participation.
This theme describes the infrastructure from the perspective of users, who are supposed to leverage
the infrastructure for certain purposes: due to the heterogeneity of the infrastructure, it requires
multiple components’ participation and collaboration so that it can work; therefore, facilitating
participation and collaboration is the main focus of the theme.

4.2.1 Comprehending Collaboration. It is important to understand the importance of collab-
oration in appropriating infrastructure. Star and Ruhleder [225] emphasized that infrastructure
components are not isolated; they are interconnected in various and complex ways. This also
applies to the appropriation of infrastructure, i.e., making use of infrastructure. As Karasti [116]
reiterated, making use of infrastructure always took place at a level higher than the individual,
such as the community or society. Therefore, it is impossible for an individual to appropriate an
infrastructure; it requires collaboration.

Collaboration in infrastructure is pervasive. It could be the cooperation between international
companies [90], the coordination between national policymakers and execution departments
[169], the connection of local education institutions [48, 243], or communication among staff in
the same workflow [165]. Collaboration makes huge differences in infrastructure appropriation,
including reducing costs, saving time, and improving transparency [104]. Therefore, comprehending
collaboration helped participants better appropriate infrastructure. There was a group of scholars
who particularly investigated collaboration in infrastructure [11, 92, 93, 133, 137, 189, 191, 264].

One strand of the research was interested in the organizational form of collaboration. Researchers
proposed various frameworks to understand such organization [38, 133]. The most salient contri-
bution was the conception of human infrastructure by Lee et al. [133]. According to Lee, human
infrastructure was "the arrangements of organizations and actors that must be brought into align-
ment in order for work to be accomplished" [133]. Inspired by Star’s notion of infrastructure, human
infrastructure also viewed collaboration from an infrastructure lens, pointing out "a new way to
understand organizational work, in contrast to traditional organizational structures, distributed
teams, or networks" [133]. Though the concept also covers aspects related to the development
of infrastructure, it primarily talks about a novel form of human collaboration that supports an
infrastructure. Therefore, we consider this an example of collaboration. After its inception, human
infrastructure soon became a popular lens for understanding collaboration in HCI [146]. It also
laid a solid ground for later studies on human infrastructure in ICTD contexts [11, 42, 61, 205].
For instance, ICTD researchers Sambasivan and Smyth [205] reported that, in rural areas, human
infrastructure played a significant role in helping local residents overcome the constraints due
to the lack of technology resources. Specifically, they emphasized that the human infrastructure,
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which consisted of local residents and their social networks, was pervasive, flexible, low-cost, and
robust.

Another strand analyzed collaboration among infrastructure components, primarily from a
relational perspective [2, 93, 185]. Infrastructure is relational [225]: the successful utilization
of infrastructure involves the careful arrangement of relationships among various components.
The relational nature of infrastructure provided rich implications for research on collaborative
work in infrastructure. The relationships that researchers investigated were various, including
the relationship among collaborators in one work infrastructure [185] as well as the relationship
between two infrastructures [93].

4.2.2 Promoting Participation. The appropriation of infrastructure requires collective work,
and collective work needs the participation of multiple participants. Therefore, while paying
attention to collaboration, infrastructure researchers were also interested in actors’ participation
[39, 64, 74]. Scholars identified participation problems in infrastructures. Some demonstrated the
lack of engagement of participants [236]. Taylor et al. [236] investigated a UK community’s use
of local civic infrastructures. When residents in the community could not generate emotional
attachment to technologies through participation, they lost interest in participating. Others also
described low productivity issues [144, 203] due to frustration, fear of criticism, or conflicts among
participants.

Researchers then looked for solutions to the participation problems. One type of solution fo-
cused on acknowledging participants’ contributions. Infrastructures worked invisibly [225], so
the participants’ contributions were also hidden. The invisibility oftentimes led to ignorance of
contribution [33, 91, 173]. To counter this, Bullard [33] introduced the motivation strategies in a
volunteer-based website. Leaders of the website constructed a community exclusively for invisible
contributors. The community of insiders certified and honored such contributors’ expertise and
effort. Therefore, contributors were motivated to contribute more.

Another type of solution worked on creating a comfortable environment for participation.
Scholars were aware of the importance of social factors in infrastructures [131, 136, 140, 142,
143, 248]. An environment that fostered social interactions among participants, as argued by Lee
et al. [131], encouraged mutual support that motivated individual workers. On the contrary, a
workplace with social structures that only favored senior members frustrated new participants
and discouraged their participation [144]. In addition to social factors, some researchers paid
attention to the infrastructural factors that influenced participation. Irani et al. [90] revealed that
infrastructure could symbolize its users’ characteristics. The characteristics, which were visible
and easy to detect, gave new collaborators an impression of the infrastructure and influenced
their motivation to participate. If the impression made participants "feel right," the participation
was promoted. To create a better environment, researchers also proposed various design methods
[143, 191]. Green et al. [74] proposed to decentralize the power of infrastructure and allowed all
participants to "collectively define the role and form" when designing and assigning tasks [74].

4.3 Coping with Infrastructure

In the last two subsections, we introduced two themes focusing on how infrastructure could better
support human activities. However, we also obtained 71 studies that showed that infrastructures
are adverse rather than helpful to users. In “Infrastructure Problems in HCL,” Edwards et al. [62]
listed three infrastructure problems against users: 1) users’ experiences could be constrained by
designers’ decision-making; 2) users’ understanding of and collaboration around infrastructure
could be hindered by the relational and contextual nature of infrastructure; 3) users’ interaction
could lack support from infrastructure due to poor design. In this theme, we show particular interest
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in studies that viewed infrastructure from a negative perspective: that is to say, the users do not
benefit from infrastructure; rather, they are constrained by it and have to conduct various work
to overcome the constraints. Most studies on this theme built their work on Star’s conception of
infrastructure. For example, Star emphasized that infrastructure is learned through membership,
which means that infrastructure prioritizes its members over others; according to studies in the
current theme, such prioritization can lead to marginalization, discrimination, or exclusion and
therefore constrain certain user groups.

4.3.1 Encountering Constraints. Infrastructures, like a double-edged sword, can both support
and constrain human activities [1, 32]. These constraints often negatively shape users’ experiences.
Wang et al. [251] observed that user experiences can be limited by various factors such as technical
design, social environment, and physical arrangement of the infrastructure. It’s important to
note that this subtheme, focusing on infrastructure constraints, is distinct from the "Promoting
Participation" subtheme. While "Promoting Participation" addresses scenarios where participants
choose not to adopt an infrastructure due to internal reasons like lack of motivation or interest,
the constraints subtheme highlights cases where users are motivated to use an infrastructure but
are impeded by external factors. In essence, the former subtheme deals with internal barriers to
adoption, whereas the latter focuses on external impediments to effective use.

Scholars reported four categories of constraints: infrastructural restrictions, infrastructural
exclusion, unbalanced power distribution among infrastructure stakeholders, and nontransparent
infrastructure mechanisms. Infrastructures have restrictions that restrict users’ experiences [49,
59, 64, 92, 95, 131, 184]. The restrictions could be intentionally set to regulate user behaviors. For
example, Boustani et al. [26] documented that, online gamers often encountered restrictions from
the infrastructure when they created usernames. The restrictions were determined by technology
considerations (e.g. unique name for identification) or policies (e.g. content moderation). Researchers
also reported participants’ circumvention in the face of such limits. To bypass infrastructural
constraints, "[users] wrestle against the affordances of the installed base of [an] Infrastructure,
and take the shape of engaging or circumventing activities" [92]. The key point is to understand
the installed base of infrastructure. To recognize the work and capability of understanding the
current infrastructure and bypassing infrastructural constraints, Erickson and Jarrahi [64] defined
the knowledge on such circumventing activities as infrastructure competence.

The study pool revealed exclusion issues as well [66, 219]. Infrastructure could be learned by
becoming a member of it [225], indicating that access to infrastructure is dependent on membership.
When designers blueprint infrastructures, they sometimes do not fully consider the diversity of
user groups, like people with relatively low knowledge [201, 215, 219, 232] or disabilities [11].
Therefore, when the infrastructures are built, they only support some populations while leaving
others excluded [66]. The exclusion could lead to bias [220] and discrimination [108]. Feinberg et
al. [66] stated that, infrastructural exclusion "represents the persistent vagueness, ambiguity, and
invisibility that standard classificatory practice attempts to eliminate via the systematic application
of technical rules to establish neatly differentiated relationships" [66]. Users had to come up
with solutions when they were excluded. The primary solution was to draw attention to such
excluded groups and hear their voices. For instance, Rajapakse et al. [184] introduced the lack of
infrastructural support experienced by people with disabilities. The research group also proposed
design artifacts to help people with disabilities to express their needs and assemble support from
different societal resources.

In addition, some researchers pointed out the unbalanced power distribution in infrastructures
[52, 135, 247]. One infrastructure involves various stakeholders, and different groups of stakeholders
might utilize the infrastructure in different ways. When the power across groups is distributed
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unevenly, the infrastructure tends to prioritize the more powerful ones over others [220]. The
unevenly distributed power in the infrastructure could cause conflicts. Leal et al. [52] reported
a case on the armed struggles of a Colombian guerrilla group with the Colombian army. The
Colombian army, who had more resources, introduced technologies to locate the guerrilla group’s
communication and then sent targeted bombs. The technologies and their threats created an
infrastructure that had "a specific aim in view: the destabilisation and eventual destruction of an
opposition" [52].

There was also a line of research interested in nontransparent infrastructure mechanisms. Infras-
tructure works behind the scenes [225]. Ackerman et al. [1] introduced a code infrastructure of an
online community. It invisibly surveilled users’ activities and conducted immediate punishment
when users misbehaved. The creepy nature of the infrastructure’s work caused trust issues [195].
To deal with such issues, users raised awareness of situations where infrastructures could conduct
invisible work [123] and foregrounded the work in the black box for more transparency [156].

4.3.2 Resolving Failures. In this subsection, we explore the failures of infrastructure and the
efforts made by participants to address these failures. It is important to note that while the scenarios
of infrastructure failure discussed here bear similarities to the breakdowns covered in Section 4.1.2,
our focus in this section is specifically on the impact of these failures on participants and their
strategies for overcoming them. Additionally, this subtheme contrasts with the scenarios described in
the "appropriating infrastructure" section. While the "appropriating infrastructure" section primarily
addresses concerns relevant to infrastructure management, the current subtheme concentrates on
individual responses to infrastructure challenges. According to researchers, infrastructure failures
took place in a large variety of scenarios. Some failures were about the deconstruction of habitats
due to military activities [3, 211], like the breakdowns of transportation, education, and power
infrastructures in a war [211]. Some failures described the shortage of critical resources [49, 73, 260].
Dailey and Starbird [49] described the cutoff of information about victims after a landslide in the
USA. Some failures revealed the malfunction of essential service departments [60, 77, 212]. Veterans
in the USA [212] criticized the collapse of formal infrastructures, which was supposed to facilitate
their life transition from the military to the civil world. Such failures caused tremendous trouble to
users, yet users still actively looked for solutions to remain resilient and robust [204].

Researchers documented various efforts conducted by users to resolve infrastructure failures. On
the one hand, users’ countermeasures covered different spatial levels. Many of the countermeasures
were at the community level. As a disruption to people’s lives, infrastructure failures often affect
a huge group of users simultaneously. Therefore, users cooperated with others who had similar
experiences to solve the problems [60]. The cooperation highlighted social relationships within
communities, such as shared identities between community members [31, 212]. For instance, due
to the absence of formal support for new mothers, they had to work together to create online
social networks to meet the specific social, political, and medical needs of women [31]. The social
relationship also emphasized trust in social networks [210]. As Semaan and Mark [211] reported,
the 2nd Gulf War destroyed most infrastructures that were reliable in peaceful times, and civilians
looking for public services could be ransomed or killed by militia and insurgent groups. Therefore,
civilians had to seek resources from close friends or strangers who had been carefully tested. Despite
the prevalence of community-level work, few studies have documented individual-level efforts.
Gui and Chen [77] primarily documented how caregivers coped with breakdowns of healthcare
infrastructures as individuals. The caregivers corrected omissions of staff, fixed the misalignment or
non-alignment between organizations, and bypassed the infrastructures’ spatial, temporal, policy,
and financial limits.
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On the other hand, the reactions also included different temporal levels. Some of the reactions
focused on short-term goals as they sought expedient solutions; in most cases, users’ strategies
were “irregular, opportunistic, adaptable, responsive, and decentralized [247] Moreover, some
aimed at long-term countermeasures. Some participants suffered from ongoing disruptions in daily
life, like the life transitions of new mothers [31]. They formalized their solutions as routines to
cope with ongoing disruptions [4, 68]. Semaan [210] described the “routine infrastructuring” of war
survivors, retired veterans, and LGBTQ people. Routine infrastructuring refers to people’s work
of "building everyday resilience with technology" [210]. For example, war survivors constantly
saved electricity through daily activities in case of a shortage of power; retired veterans regularly
communicated with other veterans to retain the collectivist culture which they had been used to
through military experiences; LGBTQ people habitually composed, read, and shared stories that
helped them reconstruct their identities in online communities. The effort on self-help, which
often involves the re-appropriation of currently available resources, would further create new
infrastructures for themselves.

5 Discussion

In this work, we reviewed 190 SIGCHI studies that investigated infrastructure. From the dossier, we
obtained three salient themes. The themes present that infrastructure studies mainly focus on how
people grow, appropriate, and cope with infrastructure. To summarize, we obtain three themes from
the systematic review of infrastructure studies in SIGCHL Star’s notion of infrastructure serves as
a significant theoretical foundation for most researchers to understand and contribute to the infras-
tructure literature. In the following section, we will discuss how infrastructure studies emphasize
informal infrastructural activities, as well as how HCI researchers problematize infrastructure.

5.1 Infrastructure Studies in SIGCHI: A Focus on Informal Activities

Infrastructure predicates an environment where human life is supported and shaped by the in-
frastructure. Infrastructure manifests as an ongoing process that needs to be negotiated and
re-negotiated all the time [197]. Therefore, infrastructure is situated in dynamic human contexts;
it must be constantly critiqued and reconsidered. Yet this requirement inherently conflicts with
social inertial tendencies for practices and power structures to persist. In the findings, we identified
a pattern that, to better understand the relational nature of infrastructure, researchers need to
have an awareness of informal activities. Many previous studies have discussed similar concepts
in HCI or infrastructure studies. Bowker and Star pointed out the complexity of classification
and standards in infrastructure that cause "the problem of residual categories" [29]. We list four
significant types of informal activities across the papers reviewed.

First, the review highlights the human experience’s dependence on infrastructural change. The
concept of human infrastructure [133] illustrates this dependence by emphasizing that infrastructure
is not just a technical system but also a social arrangement, one that relies on human organization
and labor to function. This perspective foregrounds the "work of infrastructure" as an ongoing
process rather than a static structure. Besides, as Star [225] points out, infrastructure is not a
fixed entity; it continuously evolves through negotiation and renegotiation, shaped by shifting
contexts. These changes are not always foreseeable at the time of infrastructure design but emerge
dynamically over time, often through disruptions and adjustments. Because the alignment of
infrastructural contexts is inherently situated and cannot be predetermined by rigid frameworks,
researchers focusing on infrastructure sustainability advocate for the design of more flexible,
adaptable, and open-ended infrastructures [197].

Besides, the review draws attention to participants’ amateur work that overcomes infrastructural
constraints, too. As we introduced in the descriptive statistics section, SIGCHI has been paying
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increasing attention to infrastructure in the Global South; among the studies in the Global South,
a large proportion of them are concerned about conditions where participants have difficulty
getting support from infrastructure in their daily lives due to rurality [59]. Associated with the
lack of infrastructure support is the lack of systematic and professional expertise, which could
help participants overcome the constraints. What participants can do is try to use their relatively
low knowledge to solve the problems. Researchers are interested in amateur work that creatively
solves problems in the infrastructure. For instance, Chandra’s work [41] introduced local residents’
human labor that utilized social relationships to overcome the limitations of the lack of technical
infrastructure of communication. This problem-solving presents the power of the grassroots against
the institutional, professional, and systematic power behind an infrastructure. HCI researchers
have been looking for ways to better support amateur work. Hoare et al. [84] argued for helping
amateurs build social networks with other amateur workers and professionals. This could be a
future direction for researchers who investigate and support amateur work in infrastructure studies.

In addition, the review sheds light on improvisational practices in the face of infrastructural
crises. By infrastructural crises, we mean conditions where crises like war [211] or natural disasters
[49] have destroyed the infrastructures that people rely on. Infrastructure has the quality of
being taken for granted and being invisible [225]. Therefore, when infrastructures are destroyed,
participants experience situations where they suddenly lose the foundations of daily life and
urgently need to get the foundations back. The sudden change and the short time for response push
participants to make quick decisions with little preparation. Participants can only improvise to look
for stopgaps that could help them survive the infrastructural crises. As presented in the third theme,
Semaan and Mark [211] reported a study on how residents in a war reacted to supply shortages
by changing lifestyles so that they could survive. The victims’ improvisations were informal as
they reacted with little preparation. The informal activities can be an important analytical unit
for crisis informatics researchers to understand human behaviors when the infrastructure breaks
down. In HCI, researchers have also been studying improvisation. For instance, Kang and Jackson
presented multiple studies [113, 114] on how people improvise as art practices. While these studies
provide a solid foundation for understanding improvisation’s essential characteristics, such as
reflexivity, tension, and interdependence [114], improvisation in this literature review can expand
the discussion by putting it in a new context. For example, Kang and Jackson [113] argued for
making safe spaces for improvisational learning. However, in the papers we reviewed, most of the
improvisations were in situations where people experienced infrastructure breakdowns and did
not have a "safe space." Therefore, by introducing new contexts, which are much more intensive,
we can understand improvisation in a more comprehensive way.

Lastly, the review also speaks to invisible labor in work settings. Infrastructure works behind the
scenes. Like Liu [137] revealed, a major outcome of infrastructure actors’ work is the transparency
of the infrastructure. Therefore, the actors’ contribution to the infrastructure is oftentimes invisible.
The invisibility further makes it hard for formal frameworks to identify and recognize the contri-
butions of infrastructure workers. This raises serious ethical issues, especially in work settings.
Reflecting on invisibility issues, researchers have proposed various approaches to honor invisible
contributions [91]. That said, we also found new understandings of invisible labor. By analyzing
examples like domestic worker, Star and Strauss [226] alerted that work is recognized by contextual
indicators, and failing to identify the indicators would result in invisible work. While most studies
paid attention to indicators like productivity, we also found novel indicators to recognize labor.
Bullard [33] found that working behind the scenes with a small group of people actually generates
a sense of being privileged. In this case, being not recognized generates a feeling of privilege. The
contradictory findings suggest future studies on invisible work in infrastructure. To be noted, the
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study on invisibility is not merely to foreground the invisible work, but also to explore the situat-
edness of the invisible work. For instance, researchers can pay attention to looking for different
contexts where people prefer (or do not prefer) invisible work and the motivations behind such
preferences.

5.2 Problematizing Infrastructure: How Does Infrastructure Become Troublesome?

In the three themes presented in the findings section, we illustrated various problems with infras-
tructure, ranging from how to sustain it to how to overcome its constraints. In this section, we
would like to discuss how such studies in HCI problematize infrastructure. One type of infras-
tructure problem emphasizes the way contexts, resources, and work are aligned. As the "when
of infrastructure” emphasizes the relational nature of infrastructure, it points out the importance
of understanding and aligning contexts so that creative arrangements can be made. For instance,
one strand of infrastructure research in HCI particularly considers the seamfulness as the unit of
analysis. STS researcher Janet Vertesi [244] used seamfulness to denote the heterogeneity within or
across infrastructures [89]. The heterogeneity could be problems caused by different standards of
power grids used in different countries. In our study pool, seamfulness manifests as the scattered
sources of critical information; they are waiting for users in disasters to piece together [49]. The
"seamfulness" lens has inspired a large number of infrastructure researchers, as it could explain
infrastructure problems in multiple dimensions, like technological, physical, and social factors.
Another type of problematization, on the other hand, focuses on the purpose of the infrastructure.
In the study pool, we also hear a small yet vehement voice that criticizes infrastructures not because
they fail to be helpful, but because they never meant to help. As presented in the third theme, we
see infrastructuralized platforms that marginalized people with low tech literacy [215]; we report
infrastructural violence built to censor or suppress citizens’ online speeches [135]. Such concerns
have been reported by not only HCI researchers in SIGCHI (our study pool) but also researchers in
Accessible Computing, who argue for more inclusive and accessible infrastructure for people with
disabilities [25, 167, 214].

To understand the purposes of infrastructure, we also need to draw on Star’s notion of infrastruc-
ture. Star pointed out that membership is one of the keys to getting access to an infrastructure [225].
However, subsequent infrastructure studies have shown that membership incorporates conflicts
in inclusivity: infrastructure for some members sometimes means it only serves its members,
but not others. Therefore, infrastructure becomes a burden rather than a foundation for people
without membership. The studies presented in the findings, especially in the third theme, reveal
that infrastructures can be problematic at the moment when they are conceptualized. According to
STS researchers [51], the conceptualization of infrastructure is usually associated with the idea
of public, where a set of facilities or services is open-access to everyone. But if the infrastructure
cannot ensure the principle of being public, it can only become a gated residential area rather than
a commonplace. The issues engendered by the conflict between membership and public point to a
complementary approach to the aforementioned lens in terms of problematizing infrastructure.
This approach is more concerned with the value of infrastructure rather than the alignment of
contexts. The value-embedded design has been prevalent in HCI [46, 154], and now we bring
the conversation into the infrastructure context. In the infrastructure context, value is created by
humans and expressed in the form of infrastructure. An infrastructure’s goal and its participants’
benefits are at odds when the values of the infrastructure clash with the values of participants. But
what is the "human" or "participant" in this context? Star has stated that in infrastructure, the roles
of designer, user, and repairer are blurred [225]. Therefore, to make infrastructure more inclusive,
an idea is to blur the boundary between membership and public. Methodologically, researchers can
pay specific attention to value conflicts at the infrastructure level. Social justice issues caused by
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infrastructures like marginalization [215] can be considered as analytical units to reflect infras-
tructure problems; the problems can be imbrication [153], torque [219], residuality [66], or uneven
power distribution [220], as we presented in the last theme. To investigate and fix these problems,
researchers can learn from infrastructure studies in the Participatory Design community [119]. The
PD community uses participatory design to listen to more groups when designing infrastructure;
this method also gives more participants the right to shape infrastructure during its development.

In addition to participatory design, we advocate for the increased use of ethnographic studies in
infrastructure research. Star, in 1999, highlighted the necessity of an ethnographic sensibility in
infrastructure studies, proposing that "people make meanings based on their circumstances, and
that these meanings would be inscribed into their judgments about the built information environ-
ment" [223]. Our review of existing literature revealed several studies employing ethnography to
investigate infrastructure issues. A notable example is the work of Semaan and Mark [211], who
conducted an ethnographic study on residents’ responses to infrastructure breakdowns during the
2nd Gulf War. Their research focused on the residents’ experiences and usage of infrastructure
in wartime, adopting a bottom-up approach. Such ethnographic studies are crucial for gaining a
deeper understanding of residents’ perceptions of infrastructure, particularly in scenarios where in-
frastructure fails, such as in war-torn areas. This approach is instrumental in identifying key aspects
of infrastructure, thereby enabling more efficient resolution of infrastructure failures. We observed
that social dynamics often emerge as the focal point in these ethnographic studies of infrastructure.
Essentially, when examining infrastructures through an ethnographic lens, researchers tend to
prioritize social, political, and cultural factors over technical aspects. This approach aligns with
infrastructure studies in other domains, such as Information and Communication Technologies for
Development (ICTD). For instance, Sambasivan and Smyth [205] explored how local residents in
an underdeveloped area in India leveraged social relationships to compensate for technological
limitations. Similarly, Hussain et al. [86] examined the social hierarchy and political dynamics
among Rohingya Refugees as they endeavored to rebuild their infrastructure using ICTs for daily
life. These studies collectively underscore the significance of ethnography in infrastructure research.
Ethnography, with its emphasis on understanding people as the central component of infrastructure,
provides researchers with invaluable insights into the user experience and the societal context of
infrastructure usage.

In conclusion, we encourage future infrastructure studies in SIGCHI to pay attention to infras-
tructural problems. We would like to alert infrastructure scholars that not all infrastructures are
created with the purpose of benefiting all human beings; some of them are inherently biased. Re-
searchers should constantly review and examine the purposes of infrastructure to make it inclusive,
accessible, and beneficial to the public. This strand of research can be informed by social justice
issues, like discrimination, embedded in ICT systems. And more inclusive design methodologies,
like participatory design and ethnography, can be applied in the studies.

6 LIMITATIONS

While claiming this review’s contributions to the infrastructure literature in HCI, we also acknowl-
edge that this work has several limitations because we do not cover all infrastructure studies in
HCI. The first one concerns the sampling database. In this project, we choose to focus on SIGCHI-
sponsored publication venues for our literature review. The landscape of literature reviews in
Human-Computer Interaction (HCI) is vast, and the criteria for what constitutes an HCI study vary
widely. Broadly, there are two main approaches to identifying HCI studies. The first approach is
based on publication sources. For instance, Dillahunt et al., [56] "coded publication venues as HCI
if the proceeding or journal’s site stated that human interaction with computing systems was a
primary interest of the venue." This method involves selecting papers from specific publication
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venues or publishers known for their HCI content. For example, some reviews concentrate on works
from certain publishers [5, 69, 237]; notably, Altarriba Bertran et al. [5] utilize the ACM Digital
Library for sourcing HCI literature. Others base their selection on a collection of publications
recognized by academic organizations [36, 79]; a case in point is Caraban et al. [36], who select
the top 15 HCI publication venues as listed by Google Scholar. Additionally, some reviews choose
multiple publications united by common themes [162, 206]; for instance, Nelimarkka [162] identifies
HCI papers published in venues sponsored by SIGCHI. The second approach is driven by keywords
or content. Kannabiran et al. [115] define HCI studies as those "already published or available in
a public domain and affiliated with HCI or its cognate fields." Bopp and Voida [24] adopt a more
practical strategy, categorizing a study as HCI if it falls under HCI-related classifications in the
ACM Computing Classification System (CCS). Sampling literature based on publishers or specific
publications tends to be a popular method in HCI literature reviews [162, 164, 227]. For example,
Stefanidi et al. in their recent work "Literature Reviews in HCI: A Review of Reviews" presented
at CHI’23, choose SIGCHI-sponsored venues as their data source for HCI reviews, justifying this
choice by stating that "the SIGCHI conferences and the way they have been shaped in the last 40
years accurately describe the intellectual development of HCI" [227]. We adopt a similar approach
in our study by selecting SIGCHI-sponsored publications as our sample pool. However, it is not
our intention to suggest that SIGCHI publications are the only or most suitable source for such a
review. We recognize that different methodologies have their respective strengths and weaknesses.
Our goal is to offer an overview of the various methods employed in previous literature reviews
for identifying HCI studies. This summary is intended to assist future HCI literature reviews by
presenting a spectrum of approaches used within the HCI community.

Another limitation concerns the keywords used in data collection. We are aware that, in addition
to "infrastructure”, infrastructure studies might also use other keywords such as "toolkit", "platform",
etc. However, we still choose to focus on one keyword. The most important reason for this decision
is because of the workload of screening. Researchers use words or phrases in various ways. When
they use "toolkit", "system", "platform", or "infrastructure” in the title/abstract/keyword, it might not
mean they consider them as specific concepts or theories. Therefore, considering too many keywords
might distract our search process and result in too many irrelevant studies. For instance, if we use
"infrastructure”, the first round would return about 400 papers for screening. But if we changed
to other keywords such as "platform", the search would result in about 1000 papers. This would
significantly increase the workload of screening papers, especially when the screening process
includes thoroughly reading each paper to identify the definition, application, and discussion of
infrastructure (details in the data collection section). Finally, we choose to focus on one word and
its variants.

We are aware that the current approach, which chooses not to cover certain studies, might lead
to missing important relevant literature and harming our contribution. Therefore, to balance the
feasibility and the comprehensiveness of the literature review, 1) we conduct a thorough round
of forward and backward sampling after the search based on keywords; 2) we select the most
representative and relevant infrastructure studies that we do not include in the sample but are
closely relevant to the review; we introduce them as background knowledge of infrastructure
or discuss them with our findings. This approach of making up for the missing papers not only
helps us stay focused on infrastructure studies in SIGCHI, which already yield rich findings and
implications, but also connects our discussion of infrastructure studies in SIGCHI to a broader level
so that we do not ignore relevant studies in other fields.
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7 CONCLUSIONS

In this paper, we present a systematic review of the literature on infrastructure studies in SIGCHI
We collected and analyzed 190 infrastructure studies. We discovered three themes that emerged
from the analysis: sustaining, appropriating, and coping with infrastructure. In the first theme
(growing infrastructure), infrastructure manifests as large systems that need extraordinary work
to develop and maintain. In the second theme (appropriating infrastructure), the technical design
of infrastructure serves for collaboration among individuals or organizations. How to navigate
relationships (such as social relationships) among various organizations has become the most
important topic. The last theme (coping with infrastructure) represents a perspective that criticizes
infrastructure. We also emphasized the influence and limits of Susan Leigh Star’s work on HCI
researchers’ investigations of infrastructure. We discuss how infrastructure problems can be better
framed in different settings. We alert that not all infrastructures are created to serve all populations;
some of them have serious bias issues. We, therefore, recommend researchers use more inclusive
design methodologies, like participatory design, when designing and developing infrastructures.
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Collaboration [12]

Sustaining the Development of Cyberinfrastructure: An Organization Adapting | 2012 CSsCw
to Change [17]

Repair Worlds: Maintenance, Repair, and ICT for Development in Rural | 2012 CHI
Namibia [100]

Human infrastructure as process and effect: its impact on individual scientists’ | 2012 GROUP
participation in international collaboration [144]
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Title Year Publication
Electronic medication management: a socio-technical change process in clinical | 2012 CSCwW
practice [151]

Infrastructural Experiences: An Empirical Study of an Online Arcade Game | 2012 CSCW
Platform in China [251]

Interacting with Infrastructure: A Case for Breaching Experiments in Home | 2012 CSCW
Computing Research [180]

Homework: Putting Interaction into the Infrastructure [155] 2012 UIST
At Home with Agents: Exploring Attitudes towards Future Smart Energy | 2013 CHI
Infrastructures [195]

The Collective Infrastructural Work of Electricity: Exploring Feedback in a | 2013 UbiComp
Prepaid University Dorm in China [137]

Turkopticon: Interrupting worker invisibility in Amazon Mechanical Turk [91] | 2013 CHI
Infrastructure and Vocation: Field, Calling and Computation in Ecology [98] | 2013 CHI
“Facebook is a Luxury”: An Exploratory Study of Social Media Use in Rural | 2013 CSCw
Kenya [260]

“Everybody Knows What You’re Doing”: A Critical Design Approach to Per- | 2013 CHI
sonal Informatics [123]

Designing for Repair? Infrastructures and Materialities of Breakdown [197] | 2014 CSCW
Learning, innovation, and sustainability among mobile phone repairers in | 2014 DIS
Dhaka, Bangladesh [97]

The role of data in aligning the “unique identity” infrastructure in India [108] | 2014 CSCwW
The kernel of a research infrastructure [188] 2014 CSCw
Reconciling Rhythms: Plans and Temporal Alignment in Collaborative Scien- | 2014 CSCw
tific Work [229]

Avocados Crossing Borders: The Missing Common Information Infrastructure | 2014 CABS
for International Trade [104]

Towards Sociable Technologies: An Empirical Study on Designing Appropria- | 2014 DIS
tion Infrastructures for 3D Printing [142]

Ethnography of Scaling, or, How to a Fit a National Research Infrastructure in | 2014 CSCW
the Room [187]

A Story without End: Writing the Residual into Descriptive Infrastructure [66] | 2014 DIS
Creating Sustainable Cyberinfrastructures [185] 2015 CHI
(Infra)Structures of Volunteering [248] 2015 CSCW
Standards and/as Innovation: Protocols, Creativity, and Interactive Systems | 2015 CHI
Development in Ecology [99]

Why Replacing Legacy Systems Is So Hard in Global Software Development: | 2015 CSCw
An Information Infrastructure Perspective [149]

Anticipation Work: Cultivating Vision in Collective Practice [230] 2015 CSCwW
Restructuring Human Infrastructure: The Impact of EHR Deployment in a | 2015 CSCW
Volunteer-Dependent Clinic [235]

Residual mobilities: Infrastructural displacement and post-colonial computing | 2015 CHI

in Bangladesh [3]

Continued on next page

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW364. Publication date: November 2025.




A Systematic Literature Review of Infrastructure Studies in SIGCHI CSCW364:35
- continued from previous page

Title Year | Publication
We Are Dynamo: Overcoming Stalling and Friction in Collective Action for | 2015 CHI
Crowd Workers [203]
Caring for Batteries: Maintaining Infrastructures and Mobile Social Contexts | 2015 MobileHCI
[68]
Hacking as transgressive infrastructuring: Mobile phonenetworks and the | 2016 CSCW
German chaos computer club [249]
Motivating Invisible Contributions: Framing Volunteer Classification Design | 2016 GROUP
in a Fanfiction Repository [33]
Transition Resilience with ICTs [212] 2016 CHI
Convivial Decay: Entangled Lifetimes in a Geriatric Infrastructure [47] 2016 CSCW
Infrastructuring and the Challenge of Dynamic Seams in Mobile Knowledge | 2016 CSsCw
Work [64]
Values in repair [85] 2016 CHI
Logistics as Care and Control: An Investigation into the UNICEF Supply Divi- | 2016 CHI
sion [96]
Infrastructure in the wild: What mapping in post-earthquake Nepal reveals | 2016 CHI
about infrastructural emergence [222]
Breaking Down While Building Up: Design and Decline in Emerging Infras- | 2016 CHI
tructures [228]
Happenstance, strategies and tactics: Intrinsic design in a volunteer-based | 2016 NordiCHI
community [22]
Open Data in Scientific Settings: From Policy to Practice [169] 2016 CHI
Complex Decision-Making in Clinical Practice [216] 2016 CSCW
Technology literacy in poor infrastructure environments: Characterizing | 2016 MobileHCI
wayfinding strategies in Lebanon [4]
SOLE meets MOOC: Designing infrastructure for online self-organised learning | 2016 DIS
with a social mission [39]
On making data actionable: How activists use imperfect data to foster social | 2017 CSCW
change for human rights violations in Mexico [71]
"Who Has Plots?": Contextualizing Scientific Software, Practice, and Visualiza- | 2017 CSCW
tions [166]
Crowdfunding Platforms and the Design of Paying Publics [136] 2017 CHI
Bots, Seeds and People: Web Archives as Infrastructure [233] 2017 CSCW
What lies above: Alternative user experiences produced through focusing | 2017 DIS
attention on GNSS infrastructure [259]
Growing the Blockchain Information Infrastructure [92] 2017 CHI
Infrastructure as Creative Action: Online Buying, Selling, and Delivery in | 2017 CHI
Phnom Penh [95]
Informality and Invisibility: Traditional Technologies as Tools for Collaboration | 2017 CHI
in an Informal Market [41]
Notes on the concept of data interoperability: Cases from an ecology of AIDS | 2017 CSCwW
research infrastructures [189]
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Title Year Publication
From margins to seams: Imbrication, inclusion, and torque in the Aadhaar | 2017 CHI
identification project [219]

Tap the “Make This Public” Button: A Design-Based Inquiry into Issue Advo- | 2017 CHI

cacy and Digital Civics [9]

3D printers as sociable technologies: Taking appropriation infrastructures to
the Internet of Things [140]

2017 TOCHI

The gig economy and information infrastructure: The case of the digital nomad | 2017 CSCw
community [234]

Social media seamsters: Stitching platforms & audiences into local crisis in- | 2017 CSCw
frastructure [49]

Enabling Polyvocality in Interactive Documentaries through “Structural Par- | 2017 CHI
ticipation.” [74]

Friction in Arenas of Repair: Hacking, Security Research, and Mobile Phone | 2017 CSCW
Infrastructure [127]

Mapping Silences, Reconfiguring Loss [221] 2018 CSCW
Data Handling in Knowledge Infrastructures: A Case Study from Oil Explo- | 2018 CSCwW
ration [152]

Designing for collaborative infrastructuring: Supporting resonance activities | 2018 CSCW
[141]

How Latino Children in the U.S. Engage in Collaborative Online Information | 2018 CSsCwW

Problem Solving with Their Families [175]

Public WiFi is for Men and Mobile Internet is for Women: Interrogating Politics
of Space and Gender around WiFi Hotspots [157]

2018 CSCw

Transforming Taxonomic Interfaces: "Arm?S Length" Cooperative Work and | 2018 CSCW
the Maintenance of a Long-Lived Classification System [238]
Infrastructural Inaccessibility: Tech Entrepreneurs in Occupied Palestine [20] | 2018 TOCHI

Infrastructural Grind: Introducing Blockchain Technology in the Shipping
Domain [93]

2018 GROUP

Stitching Infrastructures to Facilitate Telemedicine for Low-Resource Environ- | 2018 CHI
ments [42]

El Paquete semanal: The week’s internet in Havana [61] 2018 CHI
“More than Just Space”: Designing to Support Assemblage in Virtual Creative | 2018 DIS
Hubs [143]

Design Artefacts to Support People with a Disability to Build Personal Infras- | 2018 DIS
tructures [184]

Crowdsourcing Rural Network Maintenance and Repair via Network Messag- | 2018 CHI
ing [102]

Infrastructuring the Solidarity Economy: Unpacking Strategies and Tactics in | 2018 CHI
Designing Social Innovation [247]

Fostering Commonfare. Infrastructuring Autonomous Social Collaboration | 2018 CHI
[145]

Strategies for Engaging Communities in Creating Physical Civic Technologies | 2018 CHI

[236]
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Title Year | Publication
Trust and Technology Repair Infrastructures in the Remote Rural Philippines | 2019 CSCw
Navigating Urban-Rural Seams [103]
“Mothers as Candy Wrappers”: Critical infrastructure supporting the transition | 2019 GROUP
into motherhood [31]
Making Healthcare Infrastructure Work: Unpacking the Infrastructuring Work | 2019 CHI
of Individuals [77]
“Routine Infrastructuring” as “Building Everyday Resilience with Technology”: | 2019 CSCW
When Disruption Becomes Ordinary [210]
Designing for the infrastructure of the supply chain of Malay handwoven | 2019 CHI
songket in Terengganu [264]
Guerilla Warfare and the Use of New (and Some Old) Technology: Lessons | 2019 CHI
from FARC’s Armed Struggle in Colombia [52]
Blockchain assemblages whiteboxing technology and transforming infrastruc- | 2019 CHI
tural imaginaries [94]
Infrastructuring the imaginary how sea-level rise comes to matter in the San | 2019 CHI
Francisco Bay area [220]
Moving into a technology land: Exploring the challenges for the Refugees in | 2019 COMPASS
Canada in Accessing its Computerized Infrastructures [201]
“Parar-Daktar Understands My Problems Better”: Disentangling the Challenges | 2019 CSCW
to Designing Better Access to Healthcare in Rural Bangladesh [232]
Infrastructuring public service transformation: Creating collaborative spaces | 2019 TOCHI
between communities and institutions through HCI research [48]
Infrastructuring Food Democracy: The Formation of a Local Food Hub in the | 2019 CSCwW
Context of Socio-Economic Deprivation [182]
Precarious interventions: Designing for ecologies of care [120] 2019 CSCW
The Coerciveness of the Primary Key: Infrastructure Problems in Human | 2019 CSCw
Services Work [23]
HOPE for Computing Education: Towards the Infrastructuring of Support for | 2019 CHI
University-School Partnerships [243]
Workshops as Boundary Objects for Data Infrastructure Literacy and Design | 2019 DIS
[171]
Designing with Waste: A Situated Inquiry into the Material Excess of Making | 2019 DIS
(53]
The social infrastructure of Co-spaces: Home, work, and sociable places for | 2019 CSCW
digital nomads [131]
BlocKit: A Physical Kit for Materializing and Designing for Blockchain Infras- | 2019 DIS
tructure [121]
“Like Shock Absorbers” Understanding the Human Infrastructures of | 2020 CHI
Technology-Mediated Mental Health Support [173]
User’s Role in Platform Infrastructuralization: WeChat as an Exemplar [266] | 2020 CHI
Gaming the Name: Player Strategies for Adapting to Name Constraints in | 2020 CHI
Online Videogames [26] PLAY
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Title Year | Publication
The Social Network: How People with Visual Impairment Use Mobile Phones | 2020 CHI
in Kibera, Kenya [11]
“I Can’t even Buy Apples if i Don’t Use Mobile Pay?”: When Mobile Payments | 2020 CSCW
Become Infrastructural in China [215]
"Yes, I Comply!’: Motivations and Practices around Research Data Management | 2020 CSCW
and Reuse across Scientific Fields [65]
Infrastructural Speculations: Tactics for Designing and Interrogating Life- | 2020 CHI
worlds [258]
An Internet-Less World? Expected Impacts of a Complete Internet Outage with | 2020 GROUP
Implications for Preparedness and Design [73]
Examining Opaque Infrastructures with the Desktop Odometer [246] 2021 DIS
Breakdowns and Breakthroughs: Observing Musicians’ Responses to the | 2021 CHI
COVID-19 Pandemic [34]
Cracking Public Space Open [128] 2021 CHI
Medical maker response to covid-19: Distributed manufacturing infrastructure | 2021 CHI
for stopgap protective equipment [129]
Contact Zones: Designing for More-than-Human Food Relations [181] 2021 CSCW
The Labor of Maintaining and Scaling Free and Open-Source Software Projects | 2021 CSCW
[72]
Seeing Like an Infrastructure: Low-Resolution Citizens and the Aadhaar Iden- | 2021 CSCW
tification Project [218]
"They Can Only Ever Guide": How an Open Source Software Community Uses | 2021 CSCw
Roadmaps to Coordinate Effort [125]
Data Integration as Coordination: The Articulation of Data Work in an Ocean | 2021 CSCW
Science Collaboration [160]
What’ s in a Network ? Infrastructures of Mutual Aid for Digital Platform | 2021 CSCW
Workers during COVID-19 [183]
Parsing the ‘Me’ in # MeToo: Sexual Harassment, Social Media, and Justice | 2021 CSCW
Infrastructures [153]
“As a Squash Plant Grows”: Social Textures of Sparse [59] 2021 TOCHI
Biographies of biometric devices: The POS machine at work in India’s PDS | 2021 CHI
[155]
Un Grano de Arena: Infrastructural Care, Social Media Platforms, and the | 2021 CSCW
Venezuelan Humanitarian Crisis [60]
Hugs, Bible Study, and Speakeasies: Designing for Older Adults’ Multimodal | 2021 DIS
Connectedness [193]
CrowdSolve: Managing Tensions in an Expert-Led Crowdsourced Investigation | 2021 CSCwW
[242]
Cat and Mouse Game: Patching Bureaucratic Work Relations by Patching | 2021 CSCwW
Technologies [241]
Teachers’ perceptions around digital games for children in low-resource | 2021 CHI
schools for the blind [88]
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Title Year | Publication
Leaving the field: Designing a socio-material toolkit for teachers to continue | 2021 CHI
to design technology with children [207]
“There Should Be More Than One Voice in a Healthy Society” : Infrastructural | 2021 CSCW
Violence and Totalitarian Computing in China [135]
Infrastructuring Telehealth in (In) Formal Patient-Doctor Contexts [16] 2021 CSCW
The Flaky Accretions of Infrastructure: Sociotechnical Systems, Citizenship, | 2021 CSCw
and the Water Supply [111]
The Pandemic Shift to Remote Learning under Resource Constraints [186] 2021 CSCW
The Work of Infrastructural Bricoleurs in Building Civic Data Dashboards | 2022 CSCW
[172]
Disinformation as Infrastructure: Making and Maintaining the QAnon Con- | 2022 CSsCw
spiracy on Italian Digital Media [168]
Making Space for Cultural Infrastructure : The Breakdown and Maintenance | 2022 CHI
Work of Independent Movie Theaters During Crisis [7]
“Hartal (Strike) Happens Here Everyday”: Understanding Impact of Disruption | 2022 CHI
on Education in Kashmir [253]
The Village: Infrastructuring Community-Based Mentoring to Support Adults | 2022 CHI
Experiencing Poverty [55]
Seamless Visions, Seamful Realities: Anticipating Rural Infrastructural Fragility | 2022 CHI
in Early Design of Digital Agriculture [198]
Cultural Influences on Chinese Citizens’ Adoption of Digital Contact Tracing: | 2022 CHI
A Human Infrastructure Perspective [146]
Putting the Waz on Social Media: Infrastructuring Online Islamic Counterpublic | 2022 CHI
through Digital Sermons in Bangladesh [194]
Shifting Trust: Examining How Trust and Distrust Emerge, Transform, and | 2022 CHI
Collapse in COVID-19 Information Seeking [265]
Care Infrastructures for Digital Security in Intimate Partner Violence [239] 2022 CHI
Designing Flexible Longitudinal Regimens: Supporting Clinician Planning for | 2022 CHI
Discontinuation of Psychiatric Drugs [105]
Blockchain and Beyond: Understanding Blockchains through Prototypes and | 2022 TOCHI
Public Engagement [158]
"What is your envisioned future?": Toward human-Al enrichment in data work | 2022 CSCwW
of asthma care [231]
Counting to be counted: Anganwadi workers and digital infrastructures of | 2022 CSCW
ambivalent care [200]
There is no app for that: Manifestations of the digital divides during COVID-19 | 2022 CSCw
school closures in India [54]
The Chinese diaspora and the attempted WeChat ban: Platform precarity, | 2022 CSCW
anticipated impacts, and infrastructural migration [263]
Speculative vulnerability: Uncovering the temporalities of vulnerability in | 2022 CSCW
people’s experiences of the pandemic [208]
Human and technological infrastructures of fact-checking [112] 2022 CSCw
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Title Year | Publication
Nationalizing the Internet to break a protest movement: Internet shutdown | 2022 CSCwW
and counter-appropriation in Iran of late 2019 [75]

Revolting from abroad: The formation of a lebanese transnational public [8] | 2022 CSCW
Gig platforms as faux infrastructure: a case study of women beauty workers | 2022 CSCW
in India [6]

"We dream of climbing the ladder; to get there, we have to do our job better": | 2022 COMPASS
Designing for Teacher Aspirations in rural Cote d’Ivoire [35]

Blockchain and beyond: Understanding blockchains through prototypes and | 2023 TOCHI
public engagement [159]

Infrastructures for virtual volunteering at online music festivals [15] 2023 CSCW
Lessons learned from a comparative study of long-term action research with | 2023 CSsCw
community design of infrastructural systems [109]

Organizing oceanographic infrastructure: The work of making a software | 2023 CSCwW
pipeline repurposable [161]

"Hey, can you add captions?": The critical infrastructuring practices of neuro- | 2023 CSCW
diverse people on TikTok [217]

"We picked community over privacy": Privacy and Security Concerns Emerging | 2023 CSCw
from Remote Learning Sociotechnical Infrastructure During COVID-19 [250]

Participatory noticing through photovoice: Engaging arts- and community- | 2023 DIS
based approaches in design research [138]

Understanding Human Intervention in the Platform Economy: A Case Study | 2023 CHI
of an Indie Food Delivery Service [50]

Infrastructural work behind the scene: a study of formalized peer-support | 2023 CHI
practices for mental health [57]

Shifting from surveillance-as-safety to safety-through-noticing: a photovoice | 2023 CHI
study with eastside detroit residents [139]

Infrastructuring care: How trans and non-binary people meet health and well- | 2023 CHI
being needs through technology [256]

Commoning as a strategy for HCI research and design in south asia [43] 2024 CHI
ml-machine.org: Infrastructuring a research product to disseminate Al literacy | 2024 CHI

in education [18]

Not just a dot on the map: Food delivery workers as infrastructure [213] 2024 CHI
"Obviously, nothing’s gonna happen in five minutes": How adolescents and | 2024 CHI
young adults infrastructure resources to learn type 1 diabetes management

[261]

"Vulnerable, Victimized, and Objectified": Understanding Ableist Hate and | 2024 CHI
Harassment Experienced by Disabled Content Creators on Social Media [82]

Seam work and simulacra of societal impact in networking research: a critical | 2024 CHI
technical practice approach [199]

Aftermath: Infrastructure, resources, and organizational adaptation in the | 2024 CSCW
wake of disaster [170]
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Title Year | Publication
"Because Some Sighted People, They Don’t Know What the Heck You're | 2024 CSCw
Talking About:" A Study of Blind TikTokers’ Infrastructuring Work to Build
Independence [147]
Concept of operations as epistemic object: The sociotechnical design roles of a | 2024 CSsCw
systems engineering document [110]
Entangled amid misaligned seams: Limitations to technology-mediated care | 2024 CSCwW
for repairing infrastructural breakdowns in a youth empowerment program
[44]
Infrastructuring community fridges for food commoning [106] 2024 CSCW
Navigating the job-seeking journey: Challenges and opportunities for digital | 2024 CSCw
employment support in kashmir [252]
Reconfiguring data relations: Institutional dynamics around data in local gov- | 2024 CSCw
ernance [134]
Security patchworking in lebanon: Infrastructuring across failing infrastruc- | 2024 CSCw
tures [150]
Socio-digital rural resilience: An exploration of information infrastructures | 2024 CSCw
within and across rural villages during covid-19 [107]
Towards inclusive futures for worker wellbeing [174] 2024 CSCW
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