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The growing pervasiveness of digital technologies has exposed the entanglements

of Human-Computer Interaction (HCI) with its surrounding context, from the

immediate vicinity of interfaces to global issues. While often providing solutions

to societal issues, interactive technologies also many times contribute to them.

They impact and are impacted by the world, in a process of continuous mutual

influence and co-constitution that raises important implications not only to user

experience, e�ectiveness and e�ciency, but also to ethics, social responsibility

and environmental health. In this article, I draw on the new materialism notion

of intra-action to propose a conceptual shift to a relational approach for HCI,

which I refer to as Human-Computer Intra-Action (HCIA), capable of capturing

from the outset the inherent relationships with the world that inform the design

of interactive technology. To that end, I propose the notion of relationalities to

reflect the synergies and antagonisms around those relationships, and discuss

emerging notions of spatiality and temporality by considering the increasing

hybridity of socio-technical engagements both in space (local vs. remote) and

in time (immediate vs. stretched). Based on that, I propose a preliminary method

for mapping intra-actions associated to interactive technologies, envisaged as a

starting point to a relational take on their design process.
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intra-action, relational, entanglement, relationalities, spatiality, temporality, HCI,
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1. Introduction

In the course of the 21st century, Human-Computer Interaction (HCI) has significantly

expanded its scope, from personal computers and computer-supported cooperative work,

to truly mobile and pervasive technologies, permeating almost all contexts, and mediating

many of the situations and services, associated to modern life. Accordingly, the field of

Interaction Design has expanded significantly in scope. The meaning of “interaction” in

“InteractionDesign” now goes way beyond the design of immediate and situated interactions

between humans and computerized interfaces, and into the design of relationships between

different disciplines, organizational departments and sections of the product lifecycle. The

term “User Experience (UX) Designer” has become commonplace to designate a wide range

of professional roles, varying from tactical activities (also known as “downstream”) such as

user interface design, graphic design, prototyping, coding, animation, 3D modeling, etc.,

to more strategic activities (also referred to as “upstream”), such as customer research,

attraction, and retention, brand identity, data analysis, design strategy, innovation, product

management, and others. Those later roles have in turn led to fields with a slightly distinct

focus from traditional HCI, such as Service and Product Design.
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Underpinning this development, there is the increasing

demand to relate the so-called “user experience” of a designed

artifact or service to the context it occupies within a client

organization and outside it, in society. In recent years, growing

awareness of the interconnected nature of humans, technology and

the world at large has been manifested through tensions pulling

HCI in different directions, from concerns about existential risks

such as climate emergency (Knowles et al., 2018; Bremer et al.,

2022) or the threat of uncontrolled Artificial Intelligence (Nowak

et al., 2018), to global social movements like Black Lives Matters

and First Nations self-determination, arguing for alternative,

decolonized and inclusive approaches to possible futures. That in

turn has led to a reckoning in the HCI community, with emerging

voices calling for embedding decolonized thinking (Bidwell, 2016;

White and Hespanhol, 2022) and more-than-human (Coulton and

Lindley, 2019; Wakkary, 2021) considerations in design, often also

expressed as a shift from Human-Centered to Life-Centered (Lau,

2004) or even Planet-Centered Design (Xu, 2021).

Taking a related, yet different approach, some researchers have

pointed to the relevance of borrowing from previous philosophical

efforts toward drafting alternative, inclusive and relational

worldviews around technology. In that context, Indigenous

knowledge systems (Abdilla, 2018; Lewis, 2020) and feminist

critical theory (Butler, 1990; Barad, 2007; Bardzell and Bardzell,

2011) have figured prominently. Frauenberger (2019) offers an

in-depth review of a range of entanglement theories, including

Latour’s Actor-Network Theory (Latour, 2007), in argument for

a relational ontology as “a productive way for HCI to evolve

in response to a changing world” (Frauenberger, 2019, p. 3).

Draude (2020) provides a more comprehensive introduction to

posthumanism and new materialism, and its potential to inform

a broader approach to HCI. Notably, both draw from the ideas

of Barad (2007), particularly her articulation of Agential Realism,

centered on what she calls ethico-onto-epistemological perspective,

and coalesced into her notion of intra-actions.

In this article, I propose to take a step forward toward

discussing what a shift from Human-Computer Interaction (HCI)

to Human-Computer Intra-Action (HCIA) would entail (Figure 1).

To that end, I consider recent dynamics in the field of HCI to

support the conceptualization of intra-actions as the entanglement

of co-constitutive relationalities, which can involve low-level

(closer to the interface) or high-level (closer to the environment)

concerns. I then consider the increasing hybridity of socio-

technical engagements both in space (local vs. remote) and in

time (immediate vs. stretched), to discuss emerging notions of

spatiality and temporality. Based on that vocabulary, I then propose

a preliminary design method for mapping intra-actions associated

to interactive technologies, offering a way to situate the interactive

product within a constellation of relationships. I then offer two

examples on how to apply this method to the design and evaluation

of a service and product, respectively. Worth of note, in order

to allow for a clearer critique of the term “interaction”, I will

instead be using throughout this paper the term “engagement" to

refer to any dialogical processes involving humans and technology.

It is my hope that the short discussion here presented can

contribute to repositioning the design process of interactive

technologies toward embedding, from the outset, considerations

about systems-thinking, ethics, equity, inclusion, shortcomings, co-

responsibilities, and the prefiguration of increasingly entangled

futures.

2. From interactions to intra-actions

The term Human-Computer Interaction (HCI) presupposes

two separate and previously existing entities—human and

computer—coming into contact through an interface, which in

turn allows them to interact with each other. The human is

understood as a user of this interface, whose design, therefore,

should be catered to a degree of quality capable of ensuring a good

user experience of the computer or technology. The design process

must therefore be informed by knowledge of both the human

and the computer, so that the resulting interface is effective in

mediating the conversation. This approach is practical, clear and

objective, allowing for a pragmatic understanding of users and their

needs, the affordances and purpose of the computer technology,

and consequently suitable requirements for the interface matching

the two.

Yet, as pointed out by Draude (2020), the increasing ubiquity

of digital media across all aspects of human life also reveals clear

limitations of this dualistic approach, which appears insufficient

to describe the wide variety of scenarios where humans may

encounter technologies, and how those engagements may in turn

ripple across and affect other actors and the environment. It tends

to ignore the extent to which being a human user of technology, as

well as its qualia and meaning, is self-referential and intrinsically

defined by the very experience of engaging with a computer. A

user is only so to the extent it uses the technology, yet the very

condition of being a user presupposes certain expectations and

behaviors, thus prefiguring the experience. Likewise, the computer

only exists as interactive technology to the extent it can partake in

dynamic conversation with the human (Figure 1). Rather than two

immutable entities—human and computer—they actually exist in

relation to each other, as well as to other systems (digital or not)

contextually connected to them, forming relational constellations

involving humans and non-humans (Coulton and Lindley, 2019).

These relationships continuously and mutually affect and redefine

the roles and identities of all involved.

Such a realization has been articulated in HCI literature,

particularly since the turn of the 21st century, through an expanded

understanding about the loci of interactions between humans

and computers, and the ensuing mechanisms through which the

very act of interacting affects both. Höök proposed the notion of

“affective loops” to describe emotions not as pre-defined states we

assume during interactions, but rather “as processes, constructed in

the interaction, starting from bodily, cognitive or social experiences”

where “the user is an active, meaning-making individual” (Höök,

2008, p. 11). In doing so, she drew from what Fallman had

articulated as the interplay between an individual’s experiential

and cultural bodies: whereas the former is physical and open to

sensory stimuli, the latter provides the framework to interpret

those stimuli, connecting them to memories, and helping to

construct an ever-evolving emotional and cognitive response, co-

defined with the environment through interaction (Fällman, 2003).
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FIGURE 1

Relationship between humans and computers described as interactions vs. as intra-actions.

While those approaches address the interplay and mutual co-

constitution between human, computer and environment, they

have more often than not adopted a human-driven lens, focusing

on the aspects pertaining to human sense and meaning making,

how our bodies reflect and act on the surrounding environment,

and the multiple and evolving ways we position ourselves toward

the world in response. In other words, while focus has been

placed on how human epistemology and phenomenology are co-

created through engagement with the world, less attention has

been given to the constellations of processes surrounding both

humans and technological systems, as well as the realization

that they constitute, ultimately, somewhat arbitrary constructs.

With the growing prominence of alternative design approaches

challenging Human-Centered Design, there is also a growing

need to expand the awareness of “entities” as “processes” beyond

Human-Computer Interaction, to the myriad processes associated

to technology-mediated human engagements with the world at

large.

This has become particular apparent with the spread of data

harvesting and analytics, and, increasingly, its use in the training

of models for machine learning and other forms of artificial

intelligence (AI). Unlike more traditional forms of HCI, data

gathering happens in the background, as a by-product of the

interactions between humans, computers and the (computerized)

environment. While surely still carried out by computers, the

devices, systems and services dedicated to data gathering are not

always designed as front-end interfaces that users may directly

interact with. Rather, more commonly, they constitute back-end

algorithms collecting and processing massive amounts of data,

making decisions based on them, and feeding information back to

other algorithms, which in turn do affect user interfaces, human

and non-human subjects, as well as the environment. This kind

of “computer-to-computer” interaction, mediated by intelligent

algorithms, acquires an ambient, contextual character (Sezer et al.,

2017), which can be largely dissociated, both in space and time,

from any other actors involved in the process, as articulated

in the sections below. As a result, humans may engage with

Big Data (Zwitter, 2014) and AI systems without ever realizing

it: on the one hand, their data is often collected without their

consent or awareness; on the other hand, they are subject to

decision-making based on that data, aggregated with those of many

other humans, which also affect their lives in circumstances and

through mechanisms they may be ignorant about, and have no

agency over. As Comber et al. (2019) pointed out, “interaction"

becomes a highly inaccurate term to describe those sorts of

relationships between humans and technology, as the mediation

(Verbeek, 2015a) performed by technology in those scenarios is

enacted both through interaction and also without and outside

interaction (Comber et al., 2019). Yet, they can fundamentally

determine how individuals and societies function and organize

themselves. Furthermore, this contextual “framing" plays out in

conjunction with other non-technological contextual factors such

as culture, social norms and values, the economy, the weather,

natural environments and their cycles, non-human living beings,

the news, policies and regulations, and many others, traversing the

encounters between “humans” and “computers”, and continuously

redefining that relationship.

Addressing such dynamics in HCI, authors (Frauenberger,

2019; Draude, 2020) have turned to new materialism and critical

posthumanism as epistemologies capable of informing ways

forward, drawing inspiration, among others, from the work of

physicist Karen Barad. To describe such a relational and inherently

contextual perspective to engagements, more broadly, Barad (2007)

proposed to replace the prefix inter in “interaction” (Latin for

“between”) with intra (Latin for “within”). Intra-actions thus

refer to this process of mutual determination between the parties

within a relationship, thus only possibly defined in relation to

each other. In the context of a Human-Computer Intra-Action

(HCIA), what is otherwise referred as “interface” can therefore be

reinterpreted as one of many elements enacting the relationship
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between humans and technology, and mediating (Verbeek, 2015b)

further relationships between those and the world, including

relationships with and between other devices, algorithms, services,

non-human animals, and the built and natural environments.

Rather than focusing on interfaces, I argue that the focus of design

should shift to the factors framing relationships among the parties

participating in a particular context, which I hereby propose to refer

to as relationalities. Moreover, I argue for, and articulate below,

a conceptual framework and associated design method to assist

with identifying and mapping such relationalities around a given

reference point within an otherwise human-computer interaction

scenario.

3. Low-level and high-level
relationalities

Whereas interactions characterize encounters between

immutable entities, assumed to maintain their integrity before

and after engaging with each other, intra-actions seek to establish

inter-subjective relations capable of pointing to new possibilities

of mutual acknowledgment and reliance, prompting changes to

the identities of participants taking into account their extended

cultural context. That extended cultural context may potentially

include social, political, economic, ethical and moral concerns, all

contributing to the identification of synergies and antagonisms

(Bishop, 2004) framing the relationship. By relationalities, I refer

to this friction between the synergies and antagonisms defining

a relationship between entities, thus establishing what could

be understood as a “relational tension". This relational tension

becomes thus the object of HCIA design, and may play out at low

or high levels of concerns in regards to the technology impact.

Following Barad (2007), rather than referring to entities, I

propose to describe relationalities by referring to agencies, or

abilities to act, conferred by the relationships of co-constitutive

parties. Those abilities to act may either be limited in scope and

impact, or else imply deeper and longer-lasting implications to

society and the world at large. I define low-level relationalities as

those where the abilities to act are constrained to the immediate

vicinity of the interfaces. They pertain direct engagements

between humans and digital technologies (or between multiple

technological systems) closer to the interface “surface” (van der

Tuin and Verhoeff, 2022), thus implying usability factors, user

experience, tangibility, immersion, ergonomics, and so on, with

limited consequences beyond those factors. In other words, low-

level relationalities include all the cultural contexts, conditions,

motivations and heuristics associated to the design of artifacts

located downstream within a product or service lifecycle, closer to

the user. In contrast to the “zoomed-in” view associated to low-

level relationalities, I define high-level relationalities as consisting of

the “zoomed-out” perspectives of human-computer intra-actions,

pertaining to upstream concerns in the lifecycle of products or

services, and looking at the various ways media assemblages

interact with each other and, by extent—being ultimately human

designs—how they interact with natural and societal ecosystems

at large. That includes complex factors ranging from social

responsibility and the ethical andmoral use of technologies, to their

viability, and economic and environmental sustainability. It also

includes how they affect those same factors in other socio-technical

ecosystems, i.e., the ripple effects triggered by their introduction

into the world. Here, we approach media and technology as

“machines” in the sense used by Deleuze and Guattari (1987),

i.e., assemblages intrinsically connected to others, in a relational

manner, partaking in continuous and mutual constitution.

In that sense, relationalities in human-computer intra-actions

can be described as both performative (Butler, 1990; McKinlay,

2010) and sympoietic (Haraway, 2016). Performative, insofar they

are created by the very fact people participate in them, as explained

by Fallman (2005) when arguing for a shift from “freedom” to

“involvement” in mobile HCI: “subjects do neither solely impose

meanings on the world, nor do they simply find suitable structures

of meaning in the world, but rather [...] body-subjects through

interplay with the world both find as well as create meaning.”

(Fallman, 2005, p. 7). Moreover, relationalities, including the

knowledge embedded in them, are created through sympoiesis—

or “makingwith”, as defined by Haraway (2016)—i.e., through

the collaborative configuration of the various parties involved,

which engage in collective and active prefiguration (van der

Tuin and Verhoeff, 2022) of their own future. Shifting from

interactions to intra-actions finds parallel on the discussions

about similar previous shifts toward relational art: “conceptualized

as a reciprocal, if not strictly speaking interrogative gesture, the

form of relational art—and the formative structures it engenders—

effectively “invent[s] possible encounters” and “the conditions for

an exchange” (Downey, 2007, p. 268). Similarly, when discussing

craft-based HCI, Frankjaer and Dalsgaard (2020) argued for the

generation of intermediate level knowledge through a cyclical

sympoietic framework based on the manifestation of the artifact

(localizing), the interaction between the artifact and the world into

which it is introduced (questioning), and subsequent reflection and

synthesizing of concepts (opening). This ongoing causal transitivity

(whereby an action or intention is carried from the subject to the

object) (Downey, 2007) underpins the co-constitution inherent to

intra-actions, and is enacted across the continua of space and time,

as discussed below.

4. Hybrid spatiality and temporality

Considerations about co-constitutive relationships between

humans and their surrounding environments along the dimensions

of space and time have gained prominence since the early 2000s

with the emergence of relational aesthetics (Bourriaud, 2002;

Bishop, 2004; Downey, 2007) and, more specifically in HCI,

mobile computing (Kjeldskov, 2002; Fallman, 2005). Fallman

(2005) argued for the design of mobility beyond mere matters

of space and time, rather as an interplay between freedom

and involvement, where the human-computer-world physio-social

contextual relationship would determine where, when and whether

certain forms of interaction should occur. Likewise, Dourish (2006)

drew particular attention to the importance of social relationships

in shaping space, place and meaning. The subsequent advent of

the smartphone granted people greater control over the context

of each interaction, while simultaneously leading to increasingly

hybrid contexts, in which social participation could be regularly

distributed across geographies and unfold asynchronously in time.
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The limitations to social movement and gathering in public spaces

prompted by the COVID-19 pandemic led to the dissemination

and normalization of those hybrid contexts across most of society,

globally, in the process fostering new notions of sociability

(Beiguelman, 2020), public spaces (Bravo and Tieben, 2020), and

placemaking (Hespanhol, 2022).

As a consequence, relational contexts have become increasingly

ubiquitous/pervasive, and highly transient not only between

physical and digital spaces, but also between immediate and

“stretched” experiences of time. Hybridity begets a process

of deterritorialization: interactions are localized, yet displaced,

simultaneously. Deterritorialization in space translates into an

extended notion of mobility. If mobility previously meant the

ability to swiftly transit across different physical geographies,

benefiting from some level of location awareness while still

retaining the remaining aspects afforded by the engagement with

technology (e.g., access to conversations, services, or social media

feeds under the same user profile), it is now extended to the

realms of “augmented placemaking” (Hespanhol, 2022), through

digitally-augmented physical space [like augmented-reality based

tourist apps (Morrison, 2022)] and purely virtual interactive

environments (such as Zoom calls). While still operated from

physical locations, these become less relevant to the technology-

mediated experience. Instead, synergies or antagonisms then tend

to arise from the friction between the embodied phenomenology

of a physical place, and the affective and cognitive experiences

of the digital environmental mediating the engagement, both

unfolding simultaneously. Likewise, interactive experiences are

informed by their situational context and all the potentially

concurrent influences at play, as verified, for example, in the

twisted use of texting while driving (Bayer and Campbell,

2012), the case of so-called “zoombombings” (Ling et al., 2021),

the digital intimacy resulting from the rising popularity of

work from home, with the consequent sharing of domestic

settings as backgrounds of teleconference calls (Beiguelman,

2020), or frictions emerging from people juggling between

simultaneous work and parenting while online (Manzo and

Minello, 2020).

This intermingling between public and private relations,

blending physical to virtual spatialities through a deterriorialization

of space, echoes a parallel deterritorialization of time. The

growth of social media, streaming, and similar cloud-based

services engenders elastic notions of temporal reality, whereby

the perception of the present, contextually, may spread many

different interactions over time. As an example, Coleman (2018)

compares the temporal dynamics of a social media platform

like Twitter vs. a streaming service such as Netflix: while the

former implies a sense of immediacy and “up-to-dateness”,

the latter is built in ways to allow episodes to be paused

and resumed at a later stage, or users to binge-watch many

installments of a series in a row, thus stretching the temporal

“now” at various scales. Experiences mediated by technology

are no longer necessarily bound by real-time synchronicity,

with asynchronous communication being in fact the norm

of engagements via social media or text messaging services.

Importantly, these different notions of time should be interpreted

from an experiential perspective, i.e., whether the scope of an

interaction feels immediate, or else stretches for longer periods,

potentially remaining continuously open-ended and never reaching

a definitive conclusion. This dual hybridity—of space and time—

maps to emerging new forms of human relationships, fragmented

and enacted through encounters across the wider range of phygital

(physical-digital) environments (Gaggioli, 2017) we now inhabit

on a daily basis. As Koch and Miles (2021) pointed out, “in

contrast to the focus on spontaneous encounters that underpin

much theorization on public life, meetings between strangers are

now frequently planned in advance and take place in relative

privacy, increasingly within spaces of the home” (Koch and Miles,

2021, p. 1380), leading to a relational arrangement they call

stranger intimacy: “conditional relations of openness among the

unacquainted, however fleeting, through which affective structures of

knowing, providing, befriending or even loving are built.” (Koch and

Miles, 2021, p. 1380). In contrast to the serendipitous character of

encounters with familiar strangers in urban public spaces (Paulos

and Goodman, 2004), this intimacy between strangers, mediated

by digital technologies, unfolds in hybrid territory, potentially

displaced spatially, and enacted across temporal dimensions

that may be both immediate and stretched, synchronous and

asynchronous. Further, they articulate relationalities that are both

low-level—such as the ability to pause, share or comment on a

YouTube video streaming—and high-level—such as (to stay on

the same example) who are we sharing it with and why, the

potential spread of fake news, or the promotion of filter bubbles

(Spohr, 2017).

5. A new design method: intra-action
mapping

The considerations above suggest a preliminary lexicon

through which one could initiate a process of mapping out the

co-constitutive relationalities associated to human-computer intra-

actions, against dimensions of spatiality and temporality. This

relational approach posits the human-computer condition as a

mutual entanglement of agencies, rather than a conversation

between entities, and thus places emphasis on mutual action,

impact, and responsibility. Addressing any part in isolation

is therefore naive and incomplete, as a solution will only

truly exist once all aspects get addressed—and, even so,

only insofar the relationships remain in place. Of particular

concern is the identification of the synergies and antagonisms

(i.e., the relationalities) framing a technological solution. Once

relationalities are identified, designers can also identify frictions

of controversies between them, capable of highlighting their

co-constitutive nature, and thus prompting discussions about

trade-offs inherent to the design solution (Baibarac-Duignan and

de Lange, 2021). Human-Computer Intra-Action could thus be

understood as a process of mapping out the tactical and strategic

relationships defining a social-technical scenario, as well as their

impact at the geographical location the interface is deployed to and

across space, both now and in the future. That definition, in turn,

suggests a method for identifying and classifying relationalities,

which I describe below.
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FIGURE 2

Intra-action mapping: examples of possible primary relationalities for an online food ordering app (top) and autonomous vehicles (bottom). Those

are meant as examples only, and thus should not be taken as an exhaustive set of relationalities for each case.

5.1. Mapping primary relationalities

As a preliminary method, based on the concepts discussed

above, I propose mapping relationalities along three dimensions:

(a) whether they are low- or high-level; (b) their temporality, i.e.,

whether they are immediate or stretched in time; and (c) their

spatiality, i.e., whether they are local or remote. In doing so, it

is important to be mindful of two points. First, it is necessary to

establish a point of reference, in relation to which temporality and

spatiality will apply. The relationalities mapped are thus referred to

as primary relationalities relatively to this point of reference, as they

are co-constituted with it, i.e., how they exist is determined, at least

in part, by the conditions around the point of reference’s existence,

and vice-versa. Figure 2 shows examples of the mapping for two

technologies: an online food ordering app (top), and autonomous

vehicles, or AVs (bottom). For the former, the chosen point of
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reference is a restaurant the app would serve. For the latter, the

point of reference is an individual AV. Based on that, if we consider

the low-level relationalities for the two examples in Figure 2, it is

possible to argue that, for the restaurant, order confirmations via

the app and pick-ups by the customer would both be local (in

terms of spatiality), as they would both happen around the actual

venue. Yet, while the order confirmation is almost immediate,

the pick-up would happen at a later state, thus stretching the

temporal scope of the purchasing experience. Likewise, payment

processing and home delivery are both remote in space (as they

occur wherever the customer may be), yet the former is immediate,

and the latter stretched in time. Similarly, for the AV scenario,

external human-machine interfaces (eHMIs) are local to the actual

AV, and immediately affect it, while a process like refueling, also

local in relation to the AV, stretches regularly over time. Calling an

insurance company in case of issues with the vehicle must happen

immediately, yet implies relating to a remote system. Conversely,

online data sets are also remote, however the AV’s access to them

may occur in several occasions over time.

The second factor to observe is that, for high-level

relationalities, temporality and spatiality acquire slightly different

connotations. By definition, high-level relationalities refer to the

potential synergies and antagonisms of the technology in question

beyond the immediate user interface, thus related to the broader

environment, other beings, and external systems. As a result,

when considering temporality, one should consider whether those

synergies and antagonisms apply to the near future or else may

manifest themselves at a more distant one. Likewise, in terms

of spatiality, whether they would occur at the vicinity of the

technological system, or elsewhere. For instance, for the online

food ordering app in Figure 2 (top), variables related to managing

the kitchen throughput (so it can cope with the orders) must be

dealt with immediately and locally. In contrast, digital literacy

of staff members to deal with the app interface also pertains the

local restaurant environment, yet should be ensured over time,

even if staff changes, thus implying potential training and hand

over procedures. Estimating an accurate time for the food to be

ready must be done immediately, yet ought to be conveyed to a

remote client, and the information updated accordingly, if needed.

Conversely, potential waste generated by plastic used on packaging

or cutlery affects the environment beyond the venue, and eventuate

in the future, thus being stretched in time. Figure 2 (bottom)

illustrates corresponding possible high-level relationalities for

autonomous vehicles.

5.2. Mapping secondary relationalities

Any of the relationalities mapped around the chosen point

of reference could, naturally, also be taken as point of references

themselves. Relationalities mapped to it would then, indirectly,

also relate to the original point of reference, as in a transitive

relation. Here, again, it is relevant to revisit the fact that “mapping”

a relationality to another means that they co-constitute each

other, i.e., one only exists as it does because of the relationship

it holds with the other. Therefore, if a relationality R1 is mapped

to the original point of reference PR, then any relationality

R2 mapped to R1 will also be by extension mapped to PR. R2

should then be referred to as a secondary relationality to PR: it

is co-constituted with PR through their shared engagement with

R1. Figure 3 illustrates examples of secondary relationalities for

both of the scenarios addressed in Figure 2, where the points

of reference are, respectively, a restaurant using an online food

ordering app (Figure 3, left), and an individual autonomous

vehicle (AV) (Figure 3, right). For restaurant, one of the mapped

primary relationalities in Figure 2 was home delivery. It is possible

then to consider processes co-constituted with home delivery,

i.e., its relationalities, such as motorbike drivers, traffic, and food

packaging, among others, which would then stand as primary

relationalities to home delivery, and secondary relationalities to

restaurant. Likewise, for individual AV, if trust and safety, a primary

relationality in Figure 2, is considered, then some of the factors

it could be co-constituted with include safety procedures, reliable

behavior, intention and awareness, and policies and regulations.

Those would, therefore, be regarded as secondary relationalities to

an individual AV.

Secondary relationalities can be relevant to reveal otherwise

hidden factors or processes the target design product, chosen as

point of reference, may rely or depend upon, or in turn impact. In

conjunction with primary relationalities, they can shed further light

into the rhizomatic (Deleuze and Guattari, 1987) nature of HCIA,

that is, the web of interdependence among several elements often

perceived to exist independently. In doing so, they can enable a

more in-depth understanding of the extent of impact exerted by the

product or service under design, and foreground areas designers

should be held responsible and accountable for.

5.3. Design iterations and evaluation

The discussion above outlines the basic structure for a

method—intra-action mapping—to be incorporated to the design

of technological solutions. The method consists of four steps

(Figure 4). First, a point of reference must be chosen: usually the

core element of the product or service being designed, or the

characteristic that would primarily define it (Figure 4A). Second,

the designer should identify the primary relationalities associated

to this point of reference, taking into account, for example, all

the key stakeholders, processes, associated services, core users,

and contexts the design artifact would impact, depend upon, or

exchange information with (Figure 4B). The third steps would

consist in applying the same approach to each identified primary

relationality, thus determining the secondary relationalities to the

point of reference (Figure 4C). This list of primary and secondary

relationalities will likely not be exhaustive, and should be kept

open for further evaluation and refinement as the design process

progresses. The final step would consist on mapping the primary

(and possibly also the secondary) relationalities following the

criteria discussed above, i.e., their low- or high- level character,

spatiality and temporality, thus creating a visualization of the

relational landscape associated to the point of reference. Naturally,

as the design artifact gets implemented, features may be included

or removed, user tests carried out, and overall conditions change,

with the design evolving in response. Accordingly, the intra-action

mapping methods should be repeated as part of every iteration of

the design process (Figures 4E, F), in order to evaluate whether the
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FIGURE 3

Examples of secondary relationalities.

FIGURE 4

Steps in the intra-action mapping method, applied to a design iteration and evaluation. (A–F) Indicate the order in which the steps should be

performed.

mapping of relationalities is still current, and, if not, ensure any

identified gaps can be addressed.

6. Conclusion

In this article, I made the case for Human-Computer Intra-

Action, a broader appreciation of the various interdependent

aspects co-constituting engagements between humans, technology

and the world, performed through continuous and mutually

formative synergies and antagonisms—a set of tensions I referred

to as relationalities. I also discussed new perspectives in the field

related to its increasing hybridity, which, as I argued, can be

verified across space and time. Furthermore, I proposed a new

design method—intra-action mapping—to map out intra-actions

pertaining to a particular technology, by identifying its primary and

secondary relationalities, and evaluating their low- and high-level

character, temporality and spatiality. In doing so, I call for a shift in

perspective toward a relational approach for interactive technology,

one capable of acknowledging its true impact and dependencies

in the world, thus also highlighting aspects not only related to

usability, effectiveness and efficiency, but also sustainability, social

responsibility, and ethics. I envisage that this approach can be of use

by interaction and product designers, managers and stakeholders

in general, as well as researchers, helping to drive conversations,

from the outset, around the often hidden impact of technology,

and the ensuing trade-offs inherent to any real-world rollout

of technology.

That said, the method proposed above must be taken with

caution, given its open ended nature. It has been left open on

purpose, for the sake of allowing its possible further customization

to various different contexts and scenarios. On the flipside, it

does not quite capture or describe the nature of the relationships

between relationalities in greater detail, nor suggests any approach

for ranking them according to any particular criteria, other

than whether they are primarily or secondarily related to the

chosen point of reference. Further, identifying relationalities may,

in practice, demand multiple iterations, each revealing further

relevant aspects for consideration. Nevertheless, it is my hope

that this preliminary analysis and method may be helpful in

quickly identifying relationships, co-dependencies and indirect

stakeholders, and highlighting which ancillary factors must be

taken into account early on in an interactive technology design

project.

Data availability statement

The original contributions presented in the study

are included in the article/supplementary material,

Frontiers inComputer Science 08 frontiersin.org

https://doi.org/10.3389/fcomp.2023.1083800
https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org


Hespanhol 10.3389/fcomp.2023.1083800

further inquiries can be directed to the corresponding

author.

Author contributions

The author confirms being the sole contributor of this work and

has approved it for publication.

Conflict of interest

The author declares that the research was conducted

in the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

References

Abdilla, A. (2018). “Beyond imperial tools: future-proofing technology through
indigenous governance and traditional knowledge systems,” inDecolonising the Digital:
Technology as Cultural Practice, eds J. Harle, A. Abdilla, and A. Newman (Sydney,
NSW: Tactical Space Lab), 67–81.

Baibarac-Duignan, C., and de Lange, M. (2021). Controversing the datafied smart
city: conceptualising a ‘making-controversial? approach to civic engagement. Big Data
Soc. 8, 20539517211025557. doi: 10.1177/20539517211025557

Barad, K. (2007). Meeting the Universe Halfway: Quantum Physics and the
Entanglement of Matter and Meaning. Durham, NC: Duke University Press.

Bardzell, S., and Bardzell, J. (2011). “Towards a feminist HCI methodology:
social science, feminism, and HCI,” in Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems (Vancouver, BC),
675–684.

Bayer, J. B., and Campbell, S. W. (2012). Texting while driving on automatic:
considering the frequency-independent side of habit. Comput. Human Behav. 28,
2083–2090. doi: 10.1016/j.chb.2012.06.012

Beiguelman, G. (2020).Coronavida: Pandemia, Cidade e Cultura Urbana. São Paulo:
ECidade.

Bidwell, N. J. (2016). Decolonising HCI and Interaction Design Discourse: Some
Considerations in planning AfriCHI. XRDS: Crossroads, The ACM Magazine for
Students, Vol. 22. New York, NY: ACM Press. 22–27.

Bishop, C. (2004). Antagonism and Relational Aesthetics. October Magazine, Ltd.,
and Massachusetts Institute of Technology, USA. 51–79.

Bourriaud, N. (2002). Relational Aesthetics. Trans. Simon Pleasance and Fronza
Woods with Mathieu Copeland. Dijon: Presses du reel.

Bravo, L., and Tieben, H. (2020). A year without public space under the COVID-19
pandemic. J. Public Space. 5, 1–14. doi: 10.32891/jps.v5i3.1425

Bremer, C., Knowles, B., and Friday, A. (2022). “Have we taken on too much?: A
critical review of the sustainable HCI landscape,” in CHI Conference on Human Factors
in Computing Systems (New Orleans, LA), 1–11.

Butler, J. (1990). Gender Trouble: Feminism and the Subversion of Identity. New
York, NY; London: Routledge.

Coleman, R. (2018). Theorizing the present: digital media, pre-emergence and infra-
structures of feeling. Cult. Stud. 32, 600–622. doi: 10.1080/09502386.2017.1413121

Comber, R., Lampinen, A., and Haapoja, J. (2019). “Towards post-interaction
computing: addressing immediacy, (un) intentionality, instability and interaction
effects,” in Proceedings of the Halfway to the Future Symposium 2019 (Nottingham),
1–8.

Coulton, P., and Lindley, J. G. (2019). More-than human centred design:
considering other things. Design J. 22, 463–481. doi: 10.1080/14606925.2019.1614320

Deleuze, G., and Guattari, F. (1987). Capitalism and Schizophrenia: A Thousand
Plateaus. Trans. Brian Massumi. Minneapolis, MN: University of Minnesota Press.

Dourish, P. (2006). “Re-space-ing place: “place” and “space” ten years on,”
in Proceedings of the 2006 20th Anniversary Conference on Computer Supported
Cooperative Work (Banff, AB), 299–308.

Downey, A. (2007). Towards a politics of (relational) aesthetics. Third Text 21,
267–275. doi: 10.1080/09528820701360534

Draude, C. (2020). “Boundaries Do Not Sit Still” from interaction to agential
intra-action in HCI,” in International Conference on Human-Computer Interaction
(Copenhagen: Springer), 20–32.

Fallman, D. (2005). “From freedom to involvement: on the rhetoric of mobility in
HCI research,” in Proceedings of the 38th Annual Hawaii International Conference on
System Sciences (Big Island, HI: IEEE), 32a.

Fällman, D. (2003). In Romance With the Materials of Mobile Interaction: A
Phenomenological Approach to the Design of Mobile Information Technology (PhD
thesis). Umea University, Sweden.

Frankjaer, R., and Dalsgaard, P. (2020). “Knowledge-creation processes in crafts-
based HCI research: introducing a sympoietic framework,” in Proceedings of the 11th
Nordic Conference on Human-Computer Interaction: Shaping Experiences, Shaping
Society (Tallinn), 1–12.

Frauenberger, C. (2019). Entanglement hci the next wave? ACM Transact. Comp.
Hum. Interact. 27, 1–27. doi: 10.1145/3364998

Gaggioli, A. (2017). Phygital spaces: when atoms meet bits. Cyberpsychol. Behav.
Soc. Netw. 20, 774–774. doi: 10.1089/cyber.2017.29093.csi

Haraway, D. J. (2016). Staying With the Trouble: Making kin in the Chthulucene.
Durham, NC: Duke University Press.

Hespanhol, L. (2022). Augmented placemaking: urban technologies, interaction
design and public spaces in a post-pandemic world. Interact. Comput. 1–15.
doi: 10.1093/iwc/iwac037

Höök, K. (2008). “Affective loop experiences-what are they?,” in Persuasive
Technology: Third International Conference, PERSUASIVE 2008, Oulu, Finland, June
4-6, 2008. Proceedings 3 (Oulu: Springer), 1–12.

Kjeldskov, J. (2002). “just-in-place” information for mobile device interfaces,” in
International Conference on Mobile Human-Computer Interaction (Pisa: Springer),
271–275.

Knowles, B., Bates, O., and Håkansson, M. (2018). “This changes sustainable HCI,”
in Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems
(Montreal, QC), 1–12.

Koch, R., and Miles, S. (2021). Inviting the stranger in: intimacy, digital
technology and new geographies of encounter. Prog. Hum. Geogr. 45, 1379–1401.
doi: 10.1177/0309132520961881

Latour, B. (2007). Reassembling the Social: An Introduction to Actor-Network-
Theory. Oxford: Oup Oxford.

Lau, A. (2004). “Life centered design-a paradigm for engineering in the 21 st
century,” in 2004 Annual Conference (Salt Lake City, UT), 9–866.

Lewis, J. (ed.) (2020). Indigenous Protocol and Artificial Intelligence Position Paper.
“The Initiative for Indigenous Futures and the Canadian Institute for Advanced Research
(CIFAR).” Concordia University, Canada.

Ling, C., Balcı, U., Blackburn, J., and Stringhini, G. (2021). “A first look at
zoombombing,” in 2021 IEEE Symposium on Security and Privacy (SP) (IEEE),
1452–1467.

Manzo, L. K. C., and Minello, A. (2020). Mothers, childcare duties, and remote
working under covid-19 lockdown in italy: cultivating communities of care. Dialog.
Human Geogr. 10, 120–123. doi: 10.1177/2043820620934268

McKinlay, A. (2010). Performativity and the politics of identity: putting butler to
work. Crit. Perspect. Account. 21, 232–242. doi: 10.1016/j.cpa.2008.01.011

Morrison, J. (2022). “Heritage, digital placemaking and user experience: an industry
perspective,” in Hidden Cities: Urban Space, Geolocated Apps and Public History in
Early Modern Europe, Routledge Research in Digital Humanities, Chapter 2, eds D. R.,
Fabrizio Nevola, and N. Terpstra (London: Routledge), 39–58.

Frontiers inComputer Science 09 frontiersin.org

https://doi.org/10.3389/fcomp.2023.1083800
https://doi.org/10.1177/20539517211025557
https://doi.org/10.1016/j.chb.2012.06.012
https://doi.org/10.32891/jps.v5i3.1425
https://doi.org/10.1080/09502386.2017.1413121
https://doi.org/10.1080/14606925.2019.1614320
https://doi.org/10.1080/09528820701360534
https://doi.org/10.1145/3364998
https://doi.org/10.1089/cyber.2017.29093.csi
https://doi.org/10.1093/iwc/iwac037
https://doi.org/10.1177/0309132520961881
https://doi.org/10.1177/2043820620934268
https://doi.org/10.1016/j.cpa.2008.01.011
https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org


Hespanhol 10.3389/fcomp.2023.1083800

Nowak, A., Lukowicz, P., and Horodecki, P. (2018). Assessing artificial intelligence
for humanity: will ai be the our biggest ever advance? Or the biggest threat [opinion].
IEEE Technol. Soc. Mag. 37, 26–34. doi: 10.1109/MTS.2018.2876105

Paulos, E., and Goodman, E. (2004). “The familiar stranger: anxiety, comfort, and
play in public places,” in Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems (Vienna), 223–230.

Sezer, O. B., Dogdu, E., and Ozbayoglu, A. M. (2017). Context-aware computing,
learning, and big data in internet of things: a survey. IEEE Int. Things J. 5, 1–27.
doi: 10.1109/JIOT.2017.2773600

Spohr, D. (2017). Fake news and ideological polarization: filter bubbles and selective
exposure on social media. Bus. Inf. Rev. 34, 150–160. doi: 10.1177/0266382117722446

van der Tuin, I., and Verhoeff, N. (2022). Critical Concepts for the Creative
Humanities. Lanham, MD: Rowman & Littlefield.

Verbeek, P.-P. (2015a). Beyond interaction: a short introduction to mediation
theory. Interactions 22, 26–31. doi: 10.1145/2751314

Verbeek, P.-P. (2015b). Toward a Theory of Technological Mediation. Technoscience
and postphenomenology: The Manhattan Papers 189. London: Lexington Books.

Wakkary, R. (2021). Things We Could Design: For More Than Human-Centered
Worlds. Cambridge, MA: MIT Press.

White, S., and Hespanhol, L. (2022). “Towards a framework for
designing technology with Country: a perspective from Australia,”
in Design Research Society 2022 (DRS2022), 25 June-3 July
(Bilbao: DRS Digital Library).

Xu, X. (2021). Integrating People-Centered and Planet-Centered
Design: in Conversation With Elizabeth Murnane. XRDS: Crossroads,
The ACM Magazine for Students, Vol. 28, New York, NY: ACM Press,
42–47.

Zwitter, A. (2014). Big data ethics. Big Data
Soc. 1, 2053951714559253. doi: 10.1177/205395171455
9253

Frontiers inComputer Science 10 frontiersin.org

https://doi.org/10.3389/fcomp.2023.1083800
https://doi.org/10.1109/MTS.2018.2876105
https://doi.org/10.1109/JIOT.2017.2773600
https://doi.org/10.1177/0266382117722446
https://doi.org/10.1145/2751314
https://doi.org/10.1177/2053951714559253
https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org

	Human-computer intra-action: a relational approach to digital media and technologies
	1. Introduction
	2. From interactions to intra-actions
	3. Low-level and high-level relationalities
	4. Hybrid spatiality and temporality
	5. A new design method: intra-action mapping
	5.1. Mapping primary relationalities
	5.2. Mapping secondary relationalities
	5.3. Design iterations and evaluation

	6. Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


