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Introduction
The functioning of our society prominently relies on the 
dedication of numerous practitioners, such as teachers, nurses, 
clinicians, firefighters, production engineers, chefs, waiters/
waitresses… to name a few. Practitioners are referred to as the 
specialists who consistently cope with a set of practical situations 
that require proficiency in practice (Schön, 1983). Typically, 
many practitioners’ day-to-day work contains a substantial part 
that can be called the frontstage practice (Eraut, 1995; Goffman, 
1959). For instance, as Figure 1 illustrates, teachers’ frontstage 
practice is facilitating learners throughout a classroom session, 
and nurses engage their frontstage when caring for patients 
during a nursing shift. In frontstage practice, practitioners are 
typically faced with complex social or material surroundings, in 
which they need to proficiently respond to dynamic situations 
and orchestrate multiple threads of activities within limited time 
frames. These frontstage occasions thereby can be distinguishable 
from practitioners’ work in backstage: e.g., when teachers grade 
student work and prepare for future classroom sessions, or when 
nurses fill in a report about their patients’ status, or other jobs 

that they often do while sitting behind a desk continuously (as 
also shown in Figure 1). Similarly, many other practitioners have 
their respective frontstage practice: e.g., think about the typical 
practice contexts of clinicians, firefighters, chefs, etc.

Practitioners’ frontstage occasions constitute an increasingly 
relevant yet highly challenging design context for creating 
human-technology interaction. On the one hand, unprecedentedly, 
practitioners are expected to develop new competencies of 
incorporating technologies, as increasingly necessary supports, 
in their frontstage routines (Konttila et al., 2019; Mouza, 2019). 
For instance, utilizing up-to-date digital equipment to enhance 
the quality and efficiency of classroom instruction has become 
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an essential aim in teachers’ professionalization (Li et al., 2019; 
Mouza, 2019). And nowadays, nurses need to be trained more than 
ever to cope with the pervasive presence of medical technology 
devices, which bring crucial benefits to contemporary healthcare 
settings (Konttila et al., 2019; Locsin, 2017).

On the other hand, this continuing emergence of 
technologies, along with the trend of ubiquitous computing 
(Takayama, 2017; Weiser, 1993), also inevitably escalates the 
complexity in practitioners’ frontstage contexts. Emerging 
technologies, originally meant as supports, can unintentionally 
interfere with practitioners’ already busy routines, imposing 
excessive mental burden or even burnout on them. For example, 
despite the well-built digital infrastructures in modern classrooms, 
the routine use of computer technology for classroom teaching 
was less than expected (Vega & Robb, 2019). This was partially 
because using these technologies was experienced by teachers 
as time-consuming and cognitively demanding (Cuban et al., 
2001; Li et al., 2019; Vega & Robb, 2019). For another example, 
despite the extensive training for coping with technology facilities 
in hospital settings, nurses were still found to encounter anxiety 
or burnout caused by an overwhelming quantity of clinical 
monitoring alarms from various medical devices on a daily basis 
(Braithwaite, 2008; Varisco et al., 2020). 

The above examples reveal both societal relevance and 
urgency for design research to probe meaningful ways of seamlessly 
supporting practitioners’ frontstage practice. While a large body of 
research explored human-computer interaction in the backstage 
of practitioners (e.g., in office or desktop settings), practitioners’ 
frontstage scenarios remain relatively underexplored. And this has 
become the motivation of our design inquiry. A major challenge in 
designing for the frontstage concerns the way practitioners mobilize 
their attention: in the contexts resembling the backstage, interacting 
with the designed interface is often the users’ primary or only task 
(e.g., an interface of video editing or statistical analysis software). 
In frontstage, performing the designed interaction is mostly neither 
the only, nor the central part of practitioners’ ongoing activities. As 
a busy artifact ecology (Bødker & Klokmose, 2012), the frontstage 
is a dynamic compound of people (e.g., clients or coworkers), 
objects (e.g., tools, materials, environments…), and events, which 
require a practitioner’s attention (or responses) to multiple targets 
at the same time or in an interleaved manner.

However, most human-computer interfaces are currently 
designed to engage users in the center of human attention 
(Weiser & Brown, 1997), i.e., demanding focal attention during 
use. As illustrated in Figure 2, while interacting with an off-the-
shelf digital device (e.g., a laptop computer, a tablet, a mobile 
phone, or a smartwatch…), a user often needs to remain their 
visual focus on its graphical user interface (GUI) to interpret 
information, and perform a series of precise operations, in 
order to fulfill a particular task. Such focal interactions do not 
always fit in the frontstage occasions; they could interfere with 
practitioners’ already complex and intensive routines and impose 
excessive mental load. This hinders practitioners from seamlessly 
incorporating supportive technologies in their ongoing activities.

To enable the surrounding technologies to more seamlessly 
augment practitioners’ frontstage routines, this work explores an 
alternative style of human-computer interaction: i.e., peripheral 
interaction (Bakker et al., 2015). This burgeoning field has 
stemmed from the renowned vision of calm technology (Weiser & 
Brown, 1997), which argues that computing technologies should 
not only be able to engage users in the center of human attention; 
instead, certain human-technology interactions should be enabled 
to take place in the periphery of human attention. This way, 
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Figure 1. Practitioners’ backstage and frontstage occasions, 
using the examples of nurses and teachers.
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technology interfaces could naturally fit in various levels along 
the human attention continuum (Bakker & Niemantsverdriet, 
2016). And users could thereby avoid being overburdened in their 
daily lives where digital artifacts are increasingly emerging. 

While prior design explorations have suggested the value 
of peripheral interaction in lowering users’ attentional threshold 
for technology use, this work further surfaces how peripheral 
interaction could unremarkably augment practitioners’ frontstage 
practice. We conducted field design explorations with school 
teachers and nurses at a neonatal intensive care unit (NICU) 
as they are often used as representative examples of frontstage 
practitioners (Eraut, 2000; Locsin, 2017). We implemented two 
types of peripheral interaction designs in their surroundings: 
peripheral information display (Matthews et al., 2004; Pousman 
& Stasko, 2006) and peripheral physical interaction (Bakker et al., 
2015; Edge & Blackwell, 2009). The design cases presented in this 
paper were all evaluated with their respective target practitioner 
groups through field studies. These evaluations have been reported 
in previous publications (An et al., 2017, 2019; Cabral Guerra 
et al., 2019; van Bentum et al., 2019). By studying these cases 
together and connecting them to related theories on professional 
practice, we articulate two potential opportunities for peripheral 
interaction designs to tacitly augment practitioners’ frontstage 
routines (see Figure 3): i.e., enriching their repertoire of action 

(readily available actions to deliver on the spot), and enhancing 
their reflection-in-action (intuitive sensemaking of the unfolding 
situation). To inform future design and research, we generalize 
across these cases to extract intermediate-level knowledge (Höök 
& Löwgren, 2012), including a set of interaction design qualities 
and considerations. By elaborating on these design qualities and 
considerations, we intend to support future designers who aim 
to seamlessly integrate emerging technologies as unremarkable 
augmentation in future practitioners’ surroundings.

Framing: Augmenting Practitioners’ 
Daily Routines with Peripheral 
Interaction Design
In this section, we first address related theories on professional 
practice to understand the essence of practitioners’ frontstage 
routines and then briefly review prior HCI explorations 
encompassing peripheral interaction. Based on the theoretical 
implications, we connect the two major categories of peripheral 
interaction designs to the key aspects of practitioners’ routines 
(as illustrated in Figure 3). These connections formulate our 
overall framing of how peripheral interaction could augment 
practitioners’ frontstage routines, which our design research cases 
will later contextualize.

Figure 2. Current off-the-shelf computing devices often require users’ continuous focal attention during use. 

Figure 3. The overall framing of how peripheral interaction designs could augment practitioners’ frontstage routines.
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Theoretical Background: 
Understanding Practitioners’ Daily Routines 

Understanding and designing for routines has long been an 
important topic in human-computer interaction. Much prior 
research has aimed to articulate the nature of (domestic) everyday 
routines and thereby gather implications for design (Bakker et al., 
2012; Tolmie et al., 2002; Wakkary et al., 2016). For example, 
Tolmie et al. (2020) famously put that routines are the glue of 
domestic life, which tacitly connects everyday activities as a 
coherent whole. However, few works set out to understand 
routines from the lens of professional practice. In this subsection, 
we address related theories on professional practice to understand 
the key aspects of practitioners’ frontstage routines. Namely, we 
articulate that to practitioners, routines are not only the glue of 
their frontstage activities but also the carrier of their practical 
intelligence (Sternberg & Wagner, 1986). Moreover, we elaborate 
on two key aspects of practitioners’ routines that guarantee their 
intelligent practice in frontstage occasions: repertoire of action 
and reflection-in-action (see Figure 3).

Frontstage Routines: 
The Carrier of Practitioners’ Practical Intelligence

In social sciences, many related studies can be found to examine 
professional practice that involve frontstage occasions: such 
as the work of teachers (Brante, 2009), nurses (Storesund & 
McMurray, 2009), clinicians (Laxmisan et al., 2007), jazz 
musicians (Peplowski, 1998), mediators (Balachandra et al., 
2005)… to name but a few. As commonly reflected in these 
studies, practitioners’ frontstage practice is often characterized 
by intensity (i.e., rapid pace or limited time), complexity (i.e., 
complicated social and material settings), and uncertainty (i.e., 
dynamic, varying circumstances). Such frontstage situations 
might be highly demanding or daunting to a novice practitioner. 
However, a relatively experienced practitioner could survive 
by relying on their established routines. Established routines 
make professional practice fluent and skillful in its own context 
(Moorman & Miner, 1998) and enable practitioners to not only 
perform repetitive tasks faster, but also improvise more efficiently 
with non-routine elements in their practice (Eraut, 2000; Schön, 
1983). From a situational perspective (Billett, 2001), professional 
routines can be seen as a set of tacit procedures or rules constituted 
in practitioners’ interactions with people, tools, or environmental 
factors in their work context. Adopting the view of tacit knowing 
(Polanyi, 1962), effective routines embody a practitioner’s skills, 
competences, or know-how that enable them to intelligently cope 
with practical situations. In this sense, practitioners’ routines can 
be seen as the carrier of their practical intelligence (Sternberg & 
Wagner, 1986), a type of practical comprehension (Polanyi, 1962) 
that is inherent to their effective, simultaneous doing and thinking 
in the frontstage, rather than prolonged, analytical cognition in the 
backstage (as Figure 1 illustrates).

Practitioners can progressively develop routines by 
practicing consistently in their contexts (Schön, 1983). As a 
practitioner’s practice becomes increasingly routinized, more 

particular components in their practice will become tacit (Polanyi, 
1962) without requiring their focal deliberations; therefore, his/her 
performance becomes increasingly spontaneous and fluent. For 
example, experienced teachers can orchestrate multiple learning 
activities in parallel during a class session; and experienced nurses 
can well manage to care for various patients and monitor different 
medical devices simultaneously. In comparison, their novice 
counterparts might feel overwhelmed in similar situations. The 
establishment of professional routines could also be (partially) 
explained by the cognitive theories regarding skill acquisition 
(Dayan & Cohen, 2011) or habituation (Gardner et al., 2012; 
Wood & Rünger, 2016). To better understand how practitioners’ 
routines serve as the carrier of their practical intelligence, below 
we address two key aspects of effective frontstage routines which 
enable practitioners to act intelligently.

Repertoire of Action

Practitioners’ frontstage tasks are not simply repetitions; instead, 
they also involve a lot of improvisations with the unfolding 
situation (Schön, 1983). Effective routines do not only benefit 
practitioners in repetitive performance but also grant them a 
repertoire of action: i.e., a set of ready actions that they can quickly 
choose from in response to varying practical situations (Schön, 
1983). This way, routines determine practitioners’ skillfulness in 
improvising with the uncertainty in their daily work (Balachandra 
et al., 2005; Moorman & Miner, 1998). Practitioners’ repertoires 
often involve interactions with their familiar tools. For example, a 
news photographer acts more skillfully with their own equipment 
than with someone else’s. This implies that repertoire could be 
developed and manifested between the practitioners and the 
artifacts in the practice context (Patel, 2008). When tools are 
successfully integrated into practitioners’ repertoire, they become 
ready-to-hand (Heidegger, 2005), meaning practitioners do not 
have to pay focal attention when interacting with them. Instead, 
practitioners could focus beyond them and focus more on the 
higher-level objective that they use a tool to achieve (Polanyi, 
1962). Many field studies have observed examples, in which 
professionals such as airport operators (Billett, 2001; Suchman 
et al., 1999), Xerox technicians (Orr, 2016), or artisans (Cook & 
Yanow, 1993) achieve their workaday practice relying on their 
repertoire developed with certain artifacts in the practice context. 

Besides tools, practitioners can also tacitly rely on their 
physical environment as part of their action repertoire. Rich 
examples can be found in a body of research regarding the theory 
of distributed cognition (Hollan et al., 2000; Hutchins, 2005). 
Through studying activities in different practice contexts (e.g., 
a supermarket, workshop, or kitchen), related research revealed 
how people tacitly utilize environment as external representations 
(Hollan et al., 2000; Hutchins, 2005; Risko & Gilbert, 2016) to 
reduce the time and mental resources needed for accomplishing 
practical goals. Similarly, Kirsh (1995) reported that in several 
environments (e.g., an office), practitioners naturally ease their 
task performance by hiding/highlighting affordances of things 
in the surrounding (e.g., covering things that are not to be used 
for now), or creating piles arranged in certain spatial orders. 
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As observed and generalized by Hollan et al. (2000), many 
types of workflow (routines) embody a coupled, inseparable 
system between practitioners and their surroundings, in which 
the surrounding often serves as practitioners’ cognitive ally. 
To summarize, as a key aspect of professional routines, the 
repertoire of action enables practitioners to skillfully cope with 
varying practical situations by tacitly relying on their tools and 
surrounding. This implies the value of designing technologies to 
fit in and enrich their repertoire and thereby expand their skill set 
in the frontstage.

Reflection-in-Action

While delivering actions spontaneously in the frontstage, 
practitioners also need to rapidly make sense of the latest changes 
and unique elements occurring in the unfolding situation in order 
to optimize their performance on the spot (Schön, 1983). Schön 
(1983) has initially referred to this sense-making process as 
reflection-in-action, emphasizing its nature of being intuitive and 
momentary, as well as occurring in action. Reflection-in-action 
is another key aspect of effective professional routines: although 
itself also needs to be routinized (via extensive practicing over 
time), once habituated, it can help practitioners avoid over-
routinized performance or rigidity in practice and stay responsive 
to the practical situations (Schön, 1983; Yanow & Tsoukas, 2009). 
In other words, it determines practitioners’ responsiveness and 
reflectiveness in practice. Over time, it can also serve as a source 
of renewal (Schön, 1983) that enables practitioners’ routines to 
cumulatively evolve. Therefore, reflection-in-action has been 
widely considered as a challenging yet important competence to be 
acquired for many professions which feature simultaneous doing 
and thinking (Eraut, 2000; Schön, 1987; Yanow & Tsoukas, 2009).

In many respects, reflection-in-action can be distinguished 
from reflection-on-action (Schön, 1983): i.e., the common 
approach of reflection that entails a prolonged, analytical thinking 
process taking place away from action, such as in a backstage 
occasion (Eraut, 1995). First and foremost, reflection-on-action 
is aimed for impacts on future episodes of practice, whereas 
reflection-in-action primarily intends to benefit practitioners’ 
ongoing performance or their understanding of the situation at 
hand. For example, during classroom teaching, a teacher may 
intuitively sense the atmosphere in the classroom to feel whether 
his/her explanation has been clear to the students, or whether there 
are individuals who need extra attention. Or, in a baseball game, 
a pitcher may tacitly deliberate on his/her ongoing performance 
of pitching and accordingly modify his/her upcoming actions in 
real time. Another unique feature of reflection-in-action is that it is 
often somewhat conscious but not highly elaborate (Eraut, 1995; 
Schön, 1983). Due to the limited attentional resources and short 
time frame to think about their performance in the frontstage, 
practitioners need to rely on their intuitive feel for things or 
tacit know-how (Schön, 1983, 1987), so that their sensemaking 
would not interrupt their flow of practice. Moreover, similar 
to the repertoire of action, reflection-in-action could also be 
mediated by (tangible or intangible) artifacts such as practitioners’ 
surrounding tools or materials (Schön, 1983; Yanow & Tsoukas, 

2009). This implies the design opportunity to use technologies to 
augment practitioners’ intuitive sensemaking and enhance their 
reflection-in-action during frontstage performance.

To summarize, established routines are the carrier of 
practitioners’ practical intelligence, which enables them to cope 
with the complex, intensive, and highly dynamic situations in the 
frontstage. Therefore, at the very least, technologies to support 
frontstage practitioners should be compatible with their routines, 
not interfering with their existing workflows or overburdening their 
minds. Moreover, to extend practitioners’ frontstage intelligence, 
technologies could aim to contribute to the two key elements in their 
routines: repertoire of action and reflection-in-action. In the next 
subsection, we connect these implications with HCI design research.

Related Design Research on Peripheral Interaction

The burgeoning field of peripheral interaction (Bakker et al., 
2015; Edge & Blackwell, 2009; Hausen, 2014) explores the 
design of human-computer interaction that can take place in 
the periphery of users’ attention. This idea originated from the 
calm technology vision (Weiser & Brown, 1997). The vision is 
proposed in light of the technological trend that computing devices 
are becoming increasingly ubiquitous in our daily surroundings. 
In contrast, each device often means to engage users in the center 
of their attention. As a risk, more and more of our attentional 
resources will be occupied in interacting with these devices, 
and we might be overburdened in our daily lives. To avoid this 
undesirable situation, Weiser and Brown argue that computing 
devices should not be designed only to engage users in the center 
of their attention. Instead, many devices could be enabled also to 
support users in the periphery of their attention, and shift between 
the center and the periphery as desired (Weiser & Brown, 1997). 
This proposition is based on the human capability of utilizing the 
periphery of attention, commonly manifested in daily life. For 
example, while working in a room, we could effortlessly notice 
the change of weather through the change of incoming daylight 
or via the raindrops drumming on the window without shifting 
our focus away from the work. In a similar way, computing 
systems should also leverage the periphery of users’ attention to 
unobtrusively facilitate their daily tasks without disrupting their 
main focus. Following this vision, two major types of peripheral 
interaction designs have been explored: peripheral information 
display and peripheral physical interaction.

Peripheral Information Display

Many design cases have been focused on presenting information 
in the periphery of users’ attention. For example, Ishii et al. (1998) 
built AmbientROOM as a case to illustrate how information can 
be subtly displayed by ambient light, sound, and object movement 
in an office setting. Subsequently, a stream of research continued 
the exploration under various terms, including peripheral display 
(Matthews et al., 2007), ambient information system (Pousman 
& Stasko, 2006), awareness systems (Markopoulos & Mackay, 
2009), and information decoration (Eggen & Van Mensvoort, 
2009). As one of the earliest design instances, Dangling String, 
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presented in the paper by Weiser & Brown (1997), is a network 
cable driven by a motor; it spins according to the busyness of the 
network communication within the Ethernet cable, generating 
motion and sound to subtly provide awareness to people about 
network activities in the office. For another example, Data 
Fountain, presented by Eggen and Mensvoort (2009), is a display 
system using a full-sized fountain; its three water streams represent 
the current value of the dollar, euro, and yen, unobtrusively 
communicating this information to people who are interested to 
know it. Many more studies have explored this direction with 
various types of media (Colley et al., 2019; Müller et al., 2019) and 
devices (Reich & Dunne, 2016; Xiao & Benko, 2016). As related 
to the context of nursing in the intensive care unit, several prior 
design cases have been presented, which shared similar design 
motivation as calm technology, including CareTunes (Bogers, 
2017), UltiMo (Pinch Studio, 2018), and Doplor (Redert, 2018). In 
the classroom context, a variety of peripheral information displays 
have been reported, such as Lantern (Alavi & Dillenbourg, 2012), 
CawClock (Bakker et al., 2015), and Lernanto (van Alphen & 
Bakker, 2016), to name but a few.

Peripheral information display conveys low-resolution, 
unobtrusive messages and ultimately aims for that users absorb 
its information without consciously performing the act of reading 
(Weiser, 1999). As illustrated in Figure 3, we argue that this 
paradigm of display has the potential to support professional 
practitioners in their process of reflection-in-action. As mentioned 
earlier, practitioners need to rapidly make sense of the situation 
at hand during their intensive frontstage routines. Given that 
their attention is often already occupied by multiple streams of 
information in the context, a focal display might compete with 
their existing focus and overburden their minds. If extra supportive 
information can be conveyed to them without requiring their focal 
reading, they would be more likely to incorporate this information 
into their intuitive and momentary sensemaking processes during 
action. Later in this paper, two design cases will be discussed 
to demonstrate how peripheral information displays could be 
designed to enhance practitioners’ reflection-in-action.

Peripheral Physical Interaction

While most early design instances inspired by calm technology 
have been peripheral information display, more recent explorations 
such as by (Bakker et al., 2015; Edge & Blackwell, 2009; Olivera 
et al., 2011) have suggested that not only information perception 
but also physical interactions (interactions involving bodily 
movement) with computing artifacts can be carried out in the 
periphery of users’ attention. Bakker and Niemantsverdriet (2016) 
described peripheral physical interaction as users’ imprecise yet 
intentional manipulations of the computing devices, taking place 
in the intermediate region of users’ attentional continuum: i.e., 
somewhere between the conscious and subconscious levels. To 
inspire design with real-world examples, Bakker et al. (2012) 
investigated the peripheral (bodily) actions that were prevalently 
performed in our daily lives. For example, when we are reading 
a newspaper, we can easily reach our coffee mug and take a sip 
without disrupting our focus on the newspaper.

Designs of peripheral physical interaction could utilize 
various interaction styles, such as tangible interaction (Bakker 
et al., 2013; Edge & Blackwell, 2009; Olivera et al., 2011), 
freehand gesture (Hausen et al., 2013), or lower-limb or full-body 
interaction (Matthies et al., 2013; Probst, 2016). For instance, 
Edge and Blackwell (2009) presented a table-top tangible 
interface to enable office workers to update their task progress 
by manipulating physical tokens without focally engaging them. 
Bakker et al. (2013) designed a mobile tangible tool for teachers 
to control the ambient lamp of each student in the classroom to 
convey quiet and nonverbal messages to them. Probst (2016) 
introduced a set of peripheral interfaces for users to perform 
basic controls over desktop computer applications through 
simple bodily input (e.g., moving a foot or tilting the chair). 
Moreover, peripheral physical interaction is suggested to intersect 
with several concepts in HCI which have similarly concerned 
interactions below the level of fully focused attention or as users’ 
secondary tasks: such as microinteraction (Ashbrook, 2010; Wolf 
et al., 2011), implicit interaction (Serim & Jacucci, 2019), casual 
interaction (Pohl & Murray-Smith, 2013) or reflexive interaction 
(Matthies et al., 2019). Compared to interactions relying on focal 
and precise manipulations, peripheral physical interaction seems 
to have more potential to become ready-to-hand (Heidegger, 
2005) in practitioners’ busy frontstage. Once the operation of 
supportive technologies could become easy-to-initiate on the 
spot, these technologies are more likely to be integrated into 
practitioners’ existing repertoire for coping with various emerging 
situations in the frontstage. Therefore, we argue that peripheral 
physical interaction could be designed to meaningfully enrich 
practitioners’ repertoire of action, which are to be concretized 
later by our cases studies.

Design Explorations with School 
Teachers and NICU Nurses
In this section, we present four Research-through-Design 
(Zimmerman et al., 2007) cases, which have been aimed to 
understand and facilitate the front-stage routines of two different 
groups of professionals: school teachers and hospital nurses (at a 
NICU). We have included the two professions since teachers and 
nurses have long been studied as exemplar types of practitioners 
whose day-to-day work embodied many core characteristics in 
professional practice (Eraut, 2000; Evetts, 2014; Schön, 1983). 
All design cases underwent a field evaluation with the relevant 
practitioners, which have been reported in peer-reviewed 
publications (An et al., 2017, 2019; Cabral Guerra et al., 2019; 
van Bentum et al., 2019), providing detailed empirical findings 
about the proposed designs. The four cases have covered both 
types of peripheral interaction design for each professional context 
(see Figure 8). As a result, analyzing these design cases together 
enables us to generalize beyond a single professional context or a 
particular application domain, and therefore extract intermediate-
level design knowledge (Höök & Löwgren, 2012) that can benefit 
a relatively broad range of design practice. We now review these 
cases below for contextualizing our earlier framing (Figure 3) and 
laying the ground for knowledge generalization.
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Design Exploration 1: FeetForward

FeetForward (An et al., 2017) is a set of foot-based shortcuts 
designed to assist teachers while using interactive whiteboards 
(IWB) during lectures. The system, as shown in Figure 4, 
consists of a set of pedals that can be customized to perform 
specific tasks, allowing teachers to easily access and control 
their computer or IWB with simple foot tapping. This method of 
interaction was chosen based on classroom observations and co-
design workshops with teachers, who reported that their hands 
were often occupied with other materials and they did not want 
to use additional devices, such as a remote or wearable interface, 
which would require extra mental effort to remember to use. The 
pedals were placed below the interactive whiteboard to minimize 
disruptions to the flow of teaching. For example, during lecturing, 
a teacher may need to have two windows displayed on the IWB 
at the same time. To do so, previously, the teacher would need 
to resize and reposition each window using the stylus, or walk 
to his/her computer to use the mouse or keyboard. Either way, 
the teacher would need to execute a series of precise operations 
that would require focal engagement and cause a disruption to the 
ongoing flow of lecturing. Using the pedals as shortcuts by simply 
foot tapping, a teacher can easily resize and reposition windows 
on the IWB, or access frequently used online resources, without 
the need for precise actions or walking to their computer.

An evaluation of FeetForward was conducted over a five-
week period in actual secondary school classrooms (An et al., 
2017). The self-report behavior automaticity data from teachers 
suggested that during the period, the system demonstrated the 
potential to shift technology-related tasks to the periphery of a 
teacher’s attention. The participating teachers generally felt that 
using the pedals saved them time and effort, and on a number 
of occasions, prevented disruptions to their teaching flow (e.g., 
having to walk to their computer or performing precise sequential 
operations). During the five-week study, the teachers explored 

different customized functionalities to establish their preferred 
way of using FeetFoward. In some cases, the system was found 
to encourage teachers to use digital resources more frequently 
and in a more improvisational manner. These results suggest that 
peripheral physical interaction can support teachers to more easily 
incorporate pedagogically-relevant technology into their front-
stage repertoire, thus extending their digital competency.

Design Exploration 2: ClassBeacons

ClassBeacons (An et al., 2019) is a set of wirelessly connected 
lamps placed on students’ desks, serving as peripheral (ambient) 
information display (see Figure 5). These lamps calmly depict 
how the teacher has been allocating physical proximity and 
interpersonal interaction to students around the classroom: 
i.e., classroom proxemics (Martinez-Maldonado et al., 2020). 
As Figure 5 illustrates, each ambient lamp slowly and subtly 
changes color from yellow to green as the teacher cumulatively 
spends time around the lamp, supporting adjacent students. Such 
spatial information enables teachers to intuitively reflect on their 
whereabouts, and actively plan their upcoming allocation of time 
and attention to individual students. The yellow-green spectrum 
was chosen for its subtlety and neutrality (e.g., less judgmental 
than colors like red), to make the display unobtrusive and open 
to context-dependent interpretations. Classroom proxemics is a 
tacit yet important aspect of teacher competence (Lim et al., 2012; 
Martinez-Maldonado et al., 2020), which ought to be reflectively 
managed, to positively influence learners’ behaviors (Gunter et 
al., 1995; Shores et al., 2017). However, in practice, it is often 
rather challenging for teachers to consciously manage their 
unfolding proxemics, simply because they do not have extra time 
or mental resources to keep track of their whereabouts in the midst 
of teaching. ClassBeacons is therefore designed to situate the 
proxemics data in the physical space, as peripheral environmental 
cues, to offload teachers’ reflective processes.

Figure 4. FeetForward's prototype and field deployment: (a)(b) it is a foot-based and customizable peripheral interface;  
(c)(d) we deployed the system in classrooms to support teachers’ use of interactive whiteboards.
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ClassBeacons was evaluated with a group of secondary 
school teachers in their real-life classroom sessions (An et al., 
2019). The results showed how this peripheral information display 
blended into the teachers’ classroom routines, and triggered 
their meaningful reflections in action. Namely, according to the 
teachers, the ambient lamps were experienced as a natural part 
of the surrounding, and they appreciated being able to receive 
the information simultaneously when they were observing the 
students—a crucial and frequent component in their existing 
routines. Teachers’ encountering with the display were described as 
quick, effortless and intuitive, which could occur serendipitously, 
as well as intentionally. In a diverse set of examples, the system 
benefited their sensemaking on the fly: including helping 
them to confirm their ongoing proxemic performance, notice 
the unwanted patterns in their current teaching behaviors, or 
responsively modify their interactions with students (An et al., 
2019). These evidences illustrate how a peripheral information 
display could seamlessly embed relevant data or information in 
teachers’ surrounding, and thereby unobtrusively enhance their 
reflectiveness within front-stage practice.

Design Exploration 3: Beepless Pedal

Beepless Pedal (Cabral Guerra et al., 2019) is a foot switch for 
nurses to silence (non-actionable) alarms generated by a neonatal 
monitor, while their hands are occupied by activities inside the 
neonatal incubator (see Figure 6). Working in a neonatal intensive 
care unit (NICU), nurses have to encounter a great number 
of clinical alarms on a daily basis, in which a large proportion 
consists of non-actionable or false alarms. Yet still they need to 
manually silence a non-actionable alarm from a neonatal monitor, 
as a move of confirming that they have perceived the alarm and the 
situation, otherwise shortly (in 30s), the alarm will be sent to the 
handheld devices of all nurses so that someone could eventually 
check and confirm the situation. To silence an alarm, the nurse 
could press a touchscreen on patient vital sign display, or press a 
button on the remote control of a neonatal monitor (see Figure 6 
a), both located outside the incubator. However, a NICU nurse’s 

daily routines largely involve manual activities inside incubators, 
such as changing diapers, feeding, taking blood sample, replacing 
the patients’ ventilator masks, etc. In these situations, the nurse’s 
hands are occupied, making it impossible to respond to the alarm 
without disrupting their task at hand. Instead, they may have to: 
pause the task and take their hands out of the incubator, press 
the button for silencing alarms, sanitize their hands, and resume 
the task inside the incubator. Beepless Padal is hence designed 
to enable nurses to effortlessly silence an alarm without having 
to stop their current manual activity, and go through a tedious 
process of task interruption-resumption (Figure 6).

The working prototype of Beepless Pedal was implemented 
in a hospital for a field test involving several NICU nurses and 
their neonatal patients (Cabral Guerra et al., 2019). According to 
the observation, Beepless Pedal indeed was mostly used when the 
nurses were sitting beside the incubator and already engaged in 
patient handling. In addition, they also used the design in other 
situations when their hands were occupied or sanitized. And when 
they were on the move, or operating the incubator monitor, they 
would still press the button attached on the monitor to silence an 
alarm. As experienced by the nurse, Beepless Pedal was useful 
since it provided a meaningful additional approach for silencing 
alarms, making it much less demanding on occasions where 
their primary activity is inside the incubator. As a result, they 
could have uninterrupted care for the neonatal patients. In other 
words, Beepless Pedal expanded the nurses’ skill set of efficiently 
reacting to clinical alarms in different situations, which implies 
how peripheral physical interaction could enrich nurses’ repertoire 
and increase their proficiency in the front stage.

Design Study 4: CheckMates

CheckMates (van Bentum et al., 2019) is a peripheral information 
display intended to ease NICU nurses’ thoughtful and proactive 
planning in their dynamic task flows (i.e., reflection-in-action). 
The CheckMates system consists of multiple in situ light-objects 
(Figure 7). Each light-object calmly depicts the amount of supply 
left in a medical device around an incubator. This information 

Figure 5. ClassBeacons' prototype and field deployment: (a) the system supports teachers’ reflection-in-action on how they have divided 
time and attention over students in the classroom; (b) the display is based on teachers’ real-time positioning data; (c)(d) the system deployed 

in a classroom; (e) each lamp depicts how long the teacher has been around it cumulatively by subtly changing from yellow to green.
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can support nurses to flexibly decide the timing of refilling or 
replacing the supply of each medical device, so that this recurrent 
task could be carried out proactively, with minimal conflict with 
many other (time-sensitive) tasks in their intensive workflow. As 
the implementation example in Figure 7 shows, the light-objects 
are placed about an incubator to indicate: the remaining water of 
the incubator heating and humidifying unit, the remaining water 
of the patient ventilator, and the remaining medication within 
the medical syringe infusion pump. One hour before a device 
runs out of the supply (estimated upon its current consumption 
rate), its light-object begins to change continuously from green 
to blue: the more it turns to blue, the less supply remains. Several 
minutes before the device’s inherent supply alarm is triggered, the 
light-object will turn complete blue and start breath-like pulsing.

Through the in-situ light-objects, CheckMates offers 
an extra one-hour ambient notification timeframe, in addition 
to the inherent alarms of these medical devices (e.g., with 
attention-demanding sounds and red lights triggered 15 min 
before the supply runs off). This gives nurses more room for 
planning ahead or improvising in situ, to dynamically cope with 
supply refilling with other (more time-critical) tasks, and avoid 

the unwanted overwhelming moments in which multiple alarms 
may be triggered to call for their immediate reactions. Moreover, 
CheckMates enables the supply status of medical devices to be 
more visible from distance, in nurses’ highly nomadic workflow. 
Although these devices have their existing supply indicators, they 
require nurses to get close and check focally (e.g., the printed 
water scale of a water tank in Figure 7a). Plus, NICU patient room 
is usually darker than a regular room, making the reading of these 
indicators even more effort-taking.

The CheckMates system was evaluated in a neonatal 
intensive care unit (NICU) setting (van Bentum et al., 2019). 
The participating nurses were in their familiar work environment 
while performing their daily routines. Instead of testing with real 
neonatal patients in incubators, neonatal patient mannequins 
were utilized. As experienced by the nurses, the CheckMates 
system offloaded their tasks of monitoring the supply status of 
medical devices on the fly. A number of examples revealed how 
the system could enable their proactive and flexible planning 
during their ongoing task flow, which is a crucial aspect of their 
reflection-in-action. And this was appreciated by the nurses, since 
it would help them better reduce preventable alarms from the 

Figure 6. Beepless Pedal's prototype and deployment in a NICU: (a) the alarm silencing button on the remote control (often) attached 
to the patient monitor, covered by the additional yellow part came from the Beepless Pedal prototype; (b) & (c): the Beepless Pedal 

attached to the lower part of the incubator; (d) a nurse working at the incubator with Beepless Pedal next to her foot.

Figure 7. CheckMates‘ system and deployment in a NICU: (a) a light object is attached to a selected machine, such as a water 
container of the incubator; (b) the color change spectrum of each light-object; (c) multiple light objects implemented around the incubator 

(within yellow circles).
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medical devices in the surrounding (van Bentum et al., 2019), 
which could cause nurses’ alarm fatigue (Cvach, 2012) or burnout 
(Braithwaite, 2008), and hinder the development of their patients 
(Lai & Bearer, 2008).

Generalization and Discussion: 
Relevant Interaction Design 
Properties and Considerations
In this section, we extract intermediate-level knowledge (Höök 
& Löwgren, 2012), which are often interaction design properties 
or qualities that are generalized beyond single design artifact 
(instance), and can inform future design practice in related 
contexts (Höök & Löwgren, 2012; Stolterman & Wiberg, 2010; 
Wakkary et al., 2016). The four design cases studied in this 
paper were evaluated in real-life practice environments by the 
target practitioner groups, with the empirical results published 
respectively (An et al., 2017, 2019; Cabral Guerra et al., 2019; 
van Bentum et al., 2019). The four cases encompassed both 
types of peripheral interaction (information display and physical 
interaction), as well as two different, yet representative contexts 
of frontstage practice: school teaching and hospital nursing 
(Eraut, 2000; Evetts, 2014; Schön, 1983). Following the approach 
demonstrated by (Höök et al., 2016; Wakkary et al., 2016), our 
case studies aimed at distilling essential interaction design 
properties which commonly manifested across the cases and 
played a crucial role in enabling the peripheral interaction to blend 
in and benefit pratitioners’ frontstage routines. Initially, the four 
cases were subjected to a constant comparative analysis (Glaser, 
1965) led by the first author. After that, we have been continually 
discussing and evolving our generalization over one year, in 
consultancy with several experienced design researchers, until the 
final outcome was reached. Based on the empirical data gathered 
from the field evaluations of our design cases, we now present a 

detailed and contextualized account of the two properties we have 
extracted, as well as six actionable considerations that can help 
designers and design researchers to achieve these properties in 
practice (illustrated by Figure 8).

Property 1: Designed Interaction Being 
Subsidiary to the Main Practice

We formulate the first design property of peripheral interaction for 
front-stage practice as: the designed interaction being subsidiary 
to the main practice. Subsidiary means less important than, but 
related or supplementary to. On the one hand, being subsidiary 
means the designed peripheral interaction is beneficial but not 
critical to practitioners’ main activity. Primarily, peripheral 
interaction should be aimed for making practitioners’ secondary 
tasks less taxing; so that they can have more cognitive (or motor-
sensorial) resources assigned to the essential or critical parts of 
the current practice. On the other hand, being subsidiary also 
means that the designed peripheral interaction can be performed 
relying on practitioners’ subsidiary awareness (Polanyi, 1962), 
meaning the interaction is treated as a congruent component of 
the whole ongoing practice rather than a separate task. That being 
said, the designed peripheral interaction needs to be seamlessly 
woven into the ongoing main practice without disrupting the flow 
of preexisting routines or overburdening practitioners’ thoughts. 
Practically, there are three considerations to help achieve this 
design property:

• Design consideration 1.1: support tasks that are beneficial 
but not critical to the main practice.

• Design consideration 1.2: enable momentary, effortless 
engagements of practitioners.

• Design consideration 1.3: provide support in the proper 
places, at the proper moments, using proper modalities.

Figure 8. An illustration of our generalization from the four design instances (represented by four icons) to the design properties 
and considerations.
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We now discuss these considerations in detail with 
concrete examples:

Consideration 1.1: Support Tasks that are Beneficial 
but not Critical to the Main Practice

With this design consideration, designers need first to identify 
what tasks in the front-stage are suitable to be supported by 
peripheral interaction. In general, we argue that peripheral 
interaction is especially valuable for supporting practitioners’ 
secondary tasks, or sub-tasks, which can benefit their current 
main practice but should not occupy much attention. Conversely, 
tasks which are of essential importance and often demand high 
engagement, cautiousness, or prolonged analytical thinking may 
not be suitable to be accomplished through peripheral interaction.

Take the two cases from classroom teaching as examples: 
the essential activities for teachers are pedagogical interactions 
with students (e.g., lecturing or close supervising). Both designs 
supported teachers’ tasks which are meaningful but secondary 
to their essential activities: interacting with technological tools 
in lecturing (FeetForward) and monitoring teacher-proximity 
distribution in supervising (ClassBeacons). On the one hand, 
these tasks are not critical: the performance of these tasks is not 
the most significant determinant of teachers’ success compared 
to tasks such as observing or verbally interacting with students. 
Nonetheless, getting supported in these secondary tasks did 
meaningfully contribute to teachers’ performance of essential 
activities: enabling more flexible use of digital resources for 
lecturing (FeetForward) and supporting teachers’ conscious 
allocation of time and attention for supervising (ClassBeacons).

Similarly, the two cases from NICU supported nurses’ 
beneficial-but-not-critical secondary tasks: silencing non-
actionable alarms (Beepless Pedal) and proactively managing 
the timing of refilling medical devices (CheckMates). Although 
somewhat relevant, these secondary tasks are not as critical as 
the tasks that directly involve caring for patients (e.g., collecting 
blood from neonatal patients through heel prick, which requires 
careful and precise moves) or responding to changes in patients’ 
vital signs. And time-wise, a delay or temporary suspension of 
these non-critical tasks is less likely to cause severe consequences 
when compared with tasks of higher time-criticalness: e.g., feeding 
the neonatal patient, which has a strict schedule, or coping with 
patients’ desaturation or bradycardia, which are often prioritized 
over other tasks. Nonetheless, by supporting those relevant yet 
non-critical tasks, the designs could indeed benefit nurses’ more 
critical tasks: preventing disruption to their ongoing operations 
inside the incubator (Beepless Pedal) and reducing nurses’ 
juggling moments where supply refilling tasks compete with high-
priority or time-critical tasks for nurses’ attention (CheckMates).

This consideration embodied in front-stage contexts 
echoes the earlier explorations on peripheral interaction in 
general. Prior research on both information display (Matthews 
et al., 2007; Pousman & Stasko, 2006) and physical interaction 
(Bakker et al., 2015) similarly argued that peripheral interaction 
should be designed for relevant-but-not-critical tasks, and not 

any human-computer interaction is suitable to be carried out in 
the periphery of attention. Furthering the earlier research, we 
contextualize and differentiate this consideration in terms of 
front-stage practice. As different from generic users or users in 
domestic or leisure contexts, practitioners already have explicit 
and urgent high-level goals to pursue (e.g., teaching students or 
nursing patients), which go beyond simply using the designed 
interface. Hence, the objective of design should also go beyond 
merely facilitating users’ performance of the designed interaction 
per se, or, simply promoting them to do multitasking. Instead, the 
design objective should be to ecologically benefit their practice 
as a whole, in which the designed interaction only serves as a 
congruent particular (Polanyi, 1962).

Consideration 1.2: Enable Momentary, Effortless 
Engagements of Practitioners

As revealed in the cases, practitioners often had limited time 
and attention available for using supportive technologies during 
their busy and intensive workflow. The property of being 
subsidiary means the designed interaction is able to be performed 
during practitioners’ main activities, relying on their subsidiary 
awareness rather than focal awareness (Polanyi, 1962). This can 
be achieved when the interaction only requires practitioners’ 
momentary, effortless engagements. Such engagement could be 
their interpretation of displayed information or execution of a 
sensorimotor sequence, or both.

The two designs of peripheral information display were 
both appreciated by their target practitioners for being glanceable 
and intuitive. In the case of ClassBeacons, the teachers felt that 
they could process the displayed information in a couple of 
seconds since it only requires glancing rather than reading (An et 
al., 2019). And when they were busy interacting with or observing 
the students, they could somewhat attune to the display without 
feeling overburdened. Similarly, the NICU nurses already had 
many information streams to keep track of. They appreciated that 
CheckMates helped shift some observational tasks from requiring 
closely reading an indicator to relying on a glance from a 
distance. Correspondingly, the two designs of peripheral physical 
interaction (FeetForward and the Beepless Pedal) supported 
quick and effortless shortcuts to simplify practitioners’ certain 
sensorimotor sequences into microinteraction (Ashbrook, 2010).  

A series of concepts coined by prior research on peripheral 
interaction could also help achieve momentary, effortless 
engagements. Regarding information display, the notification 
level (Matthews et al., 2007; Pousman & Stasko, 2006) should 
be carefully considered to balance the unobtrusiveness and 
noticeability of designed peripheral information. Moreover, 
information capacity (i.e., how many pieces of information to 
be displayed), and representation fidelity (i.e., how detailed each 
information piece is represented) (Pousman & Stasko, 2006) are 
also relevant parameters to be decided in light of the context to 
balance informativeness and intuitiveness. These trade-offs are 
especially salient in practitioners’ front-stage. In regard to physical 
interaction, microinteraction (Ashbrook, 2010; Wolf et al., 2011) 
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proposes using minimalist actions to achieve an interaction in 
order to minimize its interruption to users. Whacking gesture 
(Hudson et al., 2010) proposes inexact and inattentive interaction: 
e.g., whacking the smart phone in your pocket to quickly mute an 
incoming phone call without taking the phone out. Bakker et al. 
(2015) argued for easy-to-initiate and easy-to-discard interaction 
to make the interaction ready-to-hand (Heidegger, 2005). 
These suggestions would inspire designers to create different 
solutions to peripheral physical interaction. Additionally, from 
the perspective of motor skill acquisition (Dayan & Cohen, 2011) 
or behavior automaticity (Gardner et al., 2012; Wood & Rünger, 
2016), shorter and more effortless interactions (e.g., interactions 
consisting of fewer sensorimotor units or require less accuracy) 
are also easier to learn and to practice and hence more likely to 
become a spontaneous component in practitioners’ routines. 

Consideration 1.3: Provide Support in the Proper 
Places, at Proper Moments, Using Proper Modalities

Another implication of being subsidiary is that the designed 
interaction could seamlessly fit in the existing artifact ecology 
(Bødker & Klokmose, 2012) of the frontstage practice: i.e., the 
compound of events, artifacts, and environmental factors (e.g., 
locations or spatial arrangement of things) in practitioners’ 
surroundings. To achieve this, designers need to adopt an 
ecological lens and contextually examine the frontstage practice 
in which the designed interaction is situated. We argue that such 
an ecological understanding can help leverage the powerful idea 
of distribution, by which we mean: appropriately distributing 
practitioners’ use of supportive technology over the proper 
locations in their surroundings, to the proper moments of time 
in their workflows, as well as to the proper modalities of their 
cognitive or sensorimotor resources. 

As revealed in the design cases, situating a piece of 
information in its own relevant location could offload practitioners’ 
mental burden of interpreting the information. As indicated by 
the participating teachers, the spatially distributed display of 
ClassBeacons was intuitive at a glance: they did not have to think 
about which piece of information was related to which location 
of the classroom or which group of students (An et al., 2019). 
Conversely, if they had used a screen-based visualization (e.g., 
a Heatmap), they might have to make extra efforts to read the 
screen, and map between the screen representation and the reality. 
In the case of CheckMates, the light objects co-located with 
their associated medical devices, thus requiring minimal effort 
for nurses to comprehend which medical device needs refill. 
Therefore, it is important to note that the idea of distribution 
does not only concern the ubiquity (Weiser, 1993) of computing 
artifacts, but also their ubiety—the right technology at the right 
place (Buxton, 2018). Another aspect of designing an appropriate 
distribution of information is ensuring that practitioners receive 
the information at the right time. For ClassBeacons, the teachers’ 
interactions with the display were naturally distributed to times 
when they were with students or moving around the classroom, 
eliminating the need for them to actively plan when to access the 

information display. In the case of CheckMates, the nurses had 
regular schedules for recording vital data from patient monitors 
in different rooms. During these moments, it was natural for them 
to also notice the light objects from the corridor and be aware of 
when to refill a device (van Bentum et al., 2019). These spatial and 
temporal properties enabled the two display systems to naturally 
fit in and augment practitioners’ surroundings, turning the whole 
environment into a tacit spatial visualization.

The two cases of physical interaction also embodied the idea 
of distributing practitioners’ technology-related tasks to the right 
places and moments in time. These systems served as decoupled 
interfaces (Hausen, 2014) from practitioners’ pre-existing devices. 
FeetForward allowed teachers to customize shortcuts that were 
decoupled from their computers, enabling them to perform certain 
functions more easily in front of the interactive whiteboard while 
lecturing. And these pedals allowed them to access functionalities 
that were previously hidden behind their computers and required 
precise operations and deliberate effort to remember to use. 
Beepless Pedal provided a decoupled control of the alarm 
silencing button on the patient monitor, complementing the button 
when nurses were sitting in the incubator and caring for patients 
(see Figure 6). As found in the field evaluations, both peripheral 
physical interaction systems have achieved spatial and temporal 
ubiety, making the secondary tasks of practitioners less demanding 
and more convenient to operate. This resonates with the theories 
of cognitive offloading (Risko & Gilbert, 2016) and distributed 
cognition (Hollan et al., 2000; Hutchins, 1995), which have used 
ample real-world examples (e.g., of supermarket employees, 
chefs, or ship navigators…) to unveil how people ally with their 
surrounding artifacts and environmental factors to tacitly distribute 
their cognition in action and simplify their task at hand. However, 
such processes can often be rather implicit and unremarkable, 
and hence not that easy to be noticed and leveraged in design 
practice, unless designers establish intimate comprehension about 
practitioners’ existing surroundings and workflows.

Beyond spatiality and temporality, we further argue there is 
another type of distribution that is worth considering in design: the 
distribution across modalities, i.e., the different sensorial or motor 
resources of practitioners. According to theories of multitasking 
(Kahneman, 1973; Salvucci et al., 2009; Wickens, 2002), in order 
to be performed along with practitioners’ other ongoing tasks, the 
designed peripheral interaction needs to avoid interfering with 
those tasks by competing for resources from a same modality. 
For instance, two tasks that both require the focal visual channel 
are likely to have resource interference and thus difficult to be 
performed together. Conversely, if one task requires the focal 
visual channel and the other requires the ambient visual channel, 
they are relatively easier to co-occur (Wickens, 2002). This may 
explain why ClassBeacons naturally blended into the teachers’ 
classroom observation: while they used focal visual channel to 
observe the facial expressions or body languages of students, they 
could meanwhile sense the color of the lamps through the ambient 
visual channel (An et al., 2019). Some HCI studies also explored 
distributing peripheral information to the auditory channel: using 
sonification or ambient soundscape to augment practitioners’ 
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awareness without interrupting their main tasks relying on focal 
vision, e.g., knitting (Smith et al., 2015) or skiing (Hasegawa et 
al., 2012)).

In addition to sensory channels, designers can also 
consider the distribution of modalities across practitioners’ motor 
resources. For example, the Beepless Pedal distributes the task of 
silencing alarms to the foot, avoiding disruption to the primary 
tasks being performed with the hands. FeetForward was found 
to be meaningful by the teachers because their hands were often 
occupied by materials such as test tubes, textbooks, or styluses (An 
et al., 2017); and they were concerned about having to remember 
to use new handheld or wearable devices in their already busy 
routines. In both design cases, turning secondary tasks into 
imprecise, coarse, and simple foot interactions was found to be 
an effective way to support practitioners and prevent disruption 
to the main focus and task flow. Such inter-limb distribution 
is commonly used by practitioners such as drivers, tailors, or 
potters (Velloso et al., 2015). Taking this as an example, future 
designs could consider a broader range of inter-limb distributions 
based on the specific contextual factors. For instance, bi-manual 
activities such as typing or cutting papers with both hands, are 
also a common way of distributing motor resources in everyday 
practice, and have inspired studies on peripheral physical 
interaction leveraging bi-manual styles (Edge & Blackwell, 2009; 
Hausen, 2014).

Property 2: Designed Interaction Being Open to 
Practical Knowing

We formulate the second design property of peripheral interaction 
for frontstage practice as: the designed interaction being open to 
practical knowing. Practical knowing (Schön, 1987) refers to 
practitioners’ personal, experiential and contextual understandings 
about their own practice, which is established over time, being 
immersed in real-world practical situations. It can include the 
repertoire, or tacit know-how (Amin & Roberts, 2008; Polanyi, 
1962) that practitioners rely on to perform tasks or interact with 
surroundings; it can also include the personal interpretive systems 
(Schön, 1983; Yanow & Tsoukas, 2009) they use to account for 
their practical situations on the fly (e.g., what are the relevant 
problems to address right now?) or assess their own performance 
(e.g., what is the right way of doing it?). Practitioners are the experts 
specialized in their own practice context. And what is considered to 
be intelligent practice is highly context-dependent not only across 
but also within professions (Amin & Roberts, 2008; Billett, 2001; 
Schön, 1983). Therefore, the designed interaction should try to 
respect or leverage practitioners’ established practical knowing, in 
order to extend, rather than challenge their existing competence. 
Namely, the design should avoid prescribing their actions or 
giving authoritative, arbitrary assessment of their performance/
situation without incorporating their own understandings. Instead, 
the property of being open to practical knowing is about affording 
appropriate space for practitioners to decide the use of, or assign 
meanings to the designed interaction. There are three actionable 
considerations for designers to achieve this design property:

• Design consideration 2.1: aim for adding meaningful 
alternatives instead of replacing existing approaches.

• Design consideration 2.2: enable practitioners’ modification 
and experimentation in practice.

• Design consideration 2.3: encourage practitioners’ own 
interpretations of the presented information.

We now elaborate on these considerations through 
concrete examples:

Consideration 2.1: Aim for Adding Meaningful 
Alternatives Instead of Replacing Existing Approaches

Practitioners’ frontstage repertoire consists of their established 
approaches of doing things. We argue that designers should 
consider the new peripheral interactions as meaningful alternatives 
to expand practitioners’ repertoire instead of replacements to their 
existing approaches. And those existing approaches should still 
be made available for them. The reasons are two-fold: on the one 
hand, aiming for replacing or dramatically changing practitioners’ 
current ways of doing things could result in new complexity for 
practitioners to adapt to, and hinder the designed interaction from 
being successfully incorporated into their practice. On the other 
hand, although the designed peripheral interactions may provide 
meaningful support, given the varying situations in real-world 
practice, they may not always guarantee the most practical or 
coherent solution for practitioners to accomplish a task. In specific 
situations, relying on a previous approach could be more practical 
than relying on the new interaction.

For instance, as reported by the teachers, the foot-based 
shortcuts of FeetForward served as alternatives to the tasks 
performed on their computer (An et al., 2017). Oftentimes, using 
FeetForward was more time-efficient and effortless. However, 
when the teachers had already been sitting by their desks or using 
their computers, performing the tasks on the computer became 
more practical. As they appreciated, FeetForward expanded 
their options for doing those tasks while they could still use a 
previous approach when desired. Similarly, Beepless Pedal was a 
meaningful alternative to the alarm-silencing button on the patient 
monitor (Figure 7). The pedal was considered most helpful when 
the nurses’ hands were busy, sanitized, or wearing gloves (Cabral 
Guerra et al., 2019). However, on some occasions, using the 
button was more practical, for instance, when interacting with the 
patient monitor or on the move.

This consideration can also apply to information displays. 
ClassBeacons afforded an alternative way for teachers to deliver 
proximity: making conscious decisions based on how they have 
already distributed their whereabouts over the classroom. Yet it 
was not meant to replace their existing way: as stated by some 
teachers, without ClassBeacons, they would deliver proximity 
mostly according to students’ help requests. This was still their 
prioritized way when they had ClassBeacons in the classroom. 
However, in the vast situations where students are not explicitly 
requesting help, ClassBeacons helped them consciously manage 
proximity as resources for, rather than a byproduct of, teaching 
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(An et al., 2019). CheckMates supported nurses’ task of filling 
the water tank of neonatal incubators; this task was previously 
supported by two things: (1) the water level scales printed on the 
transparent surface of the water tank (see Figure 7), and (2) the 
audio and red-light alarm of the incubator system which calls for 
immediate action when water reaches a critical level. CheckMates 
was not designed to replace these two things. Instead, it was 
intended to supplement them and add an alternative approach for 
nurses to do this task. As reported by the nurses, when they were 
on the move, it was intuitive for them to notice the CheckMates’ 
light objects and roughly keep track of the supply status. This 
helped them to plan ahead in order to find appropriate moments 
to refill the devices (van Bentum et al., 2019). Alternatively, if 
they would like to know detailed status of the water supply, they 
could closely check the scales on the tank. Or, if the nurses had 
been busy with other more prioritized situations, they could also 
choose to ignore CheckMates and the water level scales and only 
react to the auditory alarms. 

Consideration 2.2: Enable Practitioners’ Modification 
and Experimentation in Practice

In the two cases of physical interaction, we have learned that 
practitioners could have different needs and preferences in 
terms of using the designed interfaces. Such varying needs and 
preferences manifest their established practical knowing (e.g., tacit 
know-how, or repertoire), which is highly personal, experiential 
and context-dependent. To stay open to the divergent practical 
knowing developed by practitioners, the designed interface 
should support practitioners’ modification and experimentation in 
their own context of practice.

Differing preferences could result from both practitioners’ 
bodily habits and mental inclinations. For instance, the placement 
of Beepless Pedal was decided based on the observation that nurses 
often put their feet on the lower support of the chair when sitting 
by the incubator (see Figure 6). However, there was one nurse who 
was used to sitting with her feet on the ground, and she felt that 
the pedal could be placed a bit closer to her feet (Cabral Guerra 
et al., 2019). Another example reflects practitioners’ different 
inclinations in cognitive processes: the FeetForward system used 
graphical icons to convey the functionality of each pedal. While 
this was intuitive to most teachers, one teacher indicated that 
textual cues might work better for him because he generally felt 
texts more comprehensible than icons (An et al., 2017). Hence, 
designers could consider how to enable user modifications of 
both physical and digital aspects of the interface to better fit 
practitioners’ divergent bodily habits and cognitive inclinations.

While the above examples concern the level of usability 
(e.g., ergonomics or learnability), the coming example surfaces 
why practitioners’ modification and experimentation may 
also need to be supported at the level of functionality. In the 
FeetForward case, the teachers assigned quite diverse shortcut 
functions to their pedals, and they had very different opinions 
about which was the most meaningful function to them (An et 
al., 2017). This revealed their differing styles of using digital 
resources for lecturing, shaped by their previous practice and 

training. For instance, one teacher used images from his textbook 
a lot, so his favorite shortcut was opening a folder to retrieve 
textbook images quickly. Another teacher had been using multiple 
web-based applications in teaching, and her favorite shortcut was 
switching among opened tabs in the internet browser. The teachers 
appreciated that FeetForward encouraged them to experiment 
with the functions to find their own best fit.  

More importantly, we have learned that practitioners’ 
modification of a designed interface does not happen all at once. 
Instead, it can be a prolonged and speculative process during use, 
in which practitioners continually experiment with and modify 
the interface to reveal different possibilities for incorporating it in 
their context of practice. Such a process is similar to what has been 
described as design-in-use (Wakkary & Maestri, 2007) in everyday 
domestic lives. In the case of FeetForward, none of the teachers 
had their functional customization finalized in the beginning. 
Instead, many functions they assigned at an earlier stage were 
replaced later by other functions that were considered more useful 
after exploration. Towards the end of the five-week deployment, 
the teachers were still assigned new functions, seemingly 
suggesting that the teachers had not finished their customization 
with FeetForward. Such experimentation may never end, since 
the practice context may vary over time, and practitioners may 
need to renew their toolkits or skillsets accordingly. As stated by 
the teachers, if FeetForward were deployed longer, they might 
adjust its functions to fit new topics or lesson styles planned for 
future teaching units. Corresponding to this, a recent study also 
reveals teachers’ need for customizing digital tools over time 
(Vermette et al., 2019). Taken together, we argue that designers 
should carefully consider how they could support practitioners’ 
prolonged, continuous experimentation-in-use.

Consideration 2.3: Encourage Practitioners’ own 
Interpretations of the Presented Information

This consideration has been elicited from the two cases of 
information display. As mentioned earlier, practical knowing 
also includes practitioners’ interpretive systems used for sense-
making in the unfolding practice: such as intuitively assessing 
what is the most relevant problem to address or evaluating their 
performance on the spot. Such interpretive systems should be 
incorporated rather than challenged by design. Therefore, we 
argue that the designed peripheral display should leave proper 
space in its presented information to encourage practitioners’ 
own interpretations. There are two reasons for doing so: first, this 
could valuably leverage practitioners’ on-the-ground knowledge 
about their own context. Second, this could prevent the designed 
system giving arbitrary (Sengers & Gaver, 2006) assessment or 
prescription that does not fit a practical situation.

The case of ClassBeacons could be used to illustrate 
how complex and context-dependent it could be to interpret a 
practical situation. First, there is no standard pattern for an ideal 
distribution of teacher proximity in a class session. What an 
ideal proximity pattern looks like differs from session to session, 
depending on many contextual factors: such as the classroom 
layout, the needs of the individual students, the content or style 
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of the specific lesson, as well as the professional beliefs of the 
teacher. While many of these factors are inaccessible to the 
system, most of them are comprehensible to teachers. For this 
reason, ClassBeacons was designed as a neutral portrayal of 
proximity data and obviated using negative colors such as red 
or orange. This avoided the color of the lamps being simply 
understood as good or bad and encouraged teachers to give 
in-depth contextualized interpretations (An et al., 2019): e.g., 
whether they had been delivering proximity in accordance with 
their expectations or beliefs, or whether there were unwanted 
patterns in their proximity behaviors that needed to be changed. 
For instance, depending on their practical knowing, a yellow lamp 
could be interpreted as correct in a particular situation (e.g., these 
students have been doing well independently); while in another 
case, it could mean a lack of proximity (e.g., the teacher has spent 
too much time in somewhere else and forgot to interact with the 
students here).

The color codes of CheckMates were also intended to 
neutrally portray the current situation for nurses rather than 
providing prescriptions. Hence, a calm and neutral green-blue 
spectrum was chosen so that the display would not arbitrarily render 
the urgency or criticalness of the situation. The participating nurses 
envisaged how they could generate contextualized interpretations 
in practice (van Bentum et al., 2019). For example, a blue light 
object could mean that the nurse should refill the device right now, 
since there is not a more urgent task at hand, and it is feasible to 
refill the supply before feeding the neonatal. However, in another 
situation, the nurse could deliberately ignore a blue light object 
for the moment, since a more prioritized task calls for action: 
e.g., responding to a clinical alarm from the patient monitor. This 
way, CheckMates increased the nurses’ situational awareness 
while leaving proper space for them to interpret the situation and 
avoided bringing extra stress to their already intensive workflow. 

Vision: Extending “Practical Intelligence” via 
Unremarkable Augmentation in Future Workplaces

Our design exploration took its point of departure in the emerging 
field of peripheral interaction, which aims to disburden the 
use of computing systems and unobtrusively blend them into 
daily routines. Given their already complex, intensive everyday 
workflow, peripheral interaction seems especially meaningful to 
frontstage practitioners. Yet according to our design exploration, 
the value of peripheral interaction is beyond merely disburdening 
practitioners’ use of technologies. Instead, as surfaced in our 
design cases, peripheral interaction holds great potential for 
extending practitioners’ practical intelligence (Sternberg & 
Wagner, 1986). Practical intelligence is often tacit, yet it can be 
seen in practitioners’ spontaneous performance of skills, as well 
as their proficient sense-making in action (Schön, 1983). Our 
design cases have demonstrated how these two aspects could be 
respectively facilitated by designing peripheral physical interaction 
and peripheral information display across the practice contexts 
of school teachers and NICU nurses. It is implied that in future 
workplaces, we could deliberately leverage peripheral interactions 
to unobtrusively augment practitioners’ practical intelligence.

The term intelligence has gained increased attention in 
nowadays society thanks to the continuing breakthrough in 
Artificial Intelligence (AI). Many research efforts have been 
made for machine intelligence to outperform humans in particular 
tasks (Schmidt, 2017a). In 2017, an AI algorithm AlphaGo Master 
(Silver et al., 2017), defeated the world’s number one player in 
Go. In 2019, its derivative AlphaStar defeated a professional 
player in StarCraft, a game representing much higher uncertainty 
in decision-making (Arulkumaran et al., 2019). Meanwhile, media 
and academic surveys (Grace et al., 2018) render an alarming 
picture of future professions: e.g., experts interviewed by Grace 
et al. (2018) believed that by a probability of 50%, machines 
will outperform humans in all tasks in half a century, and take 
over all human professions in 120 years, such as translator (by 
2024), truck driver (2027), retail worker (2031), or surgeon 
(2053). Therefore, in the near future, emerging technologies may 
challenge practitioners not only by escalating the complexity of 
their work—a challenge that has motivated this research—but also 
by automating their jobs and thus taking over their professions. 
The latter seems to be an even more severe societal challenge.

Nevertheless, as pinpointed by Schmidt (2017a), instead 
of worrying that the advancement of technology may take over 
human professions, we should actively work on better enabling 
symbiotic systems (Licklider, 1960) between human and 
computing technology. Through a human-computer interaction 
approach, such symbiotic systems aim to leverage technology 
to amplify human cognition and perception (Schmidt, 2017b) 
and enable human-AI complementarity (Holstein et al., 2019) to 
extend human intelligence rather than challenge it. In this way, 
we could enable a preferable future where human practitioners are 
empowered rather than sidelined. 

This vision is not as distant as it may initially appear. 
Actually, one could argue that in daily lives, our intelligence has 
already been extended by computing technology: think about the 
digital tools we use while working at the office. For instance, a 
search engine or an online encyclopedia could be seen as our 
external memory to retrieve information precisely when needed. 
A statistical application frees us from particular or repetitive 
calculations in analysis, so we can put more cognitive resources 
on higher-level patterns of the data. According to the extended 
mind theories (Licklider, 1960) or cognitive offloading (Dror & 
Harnad, 2008), these examples show how digital tools can extend 
our intellectual capability. Nonetheless, as mentioned at the 
beginning of this paper, the above examples from office or desktop 
settings tend to resemble the backstage occasions of professional 
practice. Yet, little design research has been focused on extending 
practitioners’ intelligence embodied in their frontstage practice. 
In the backstage, practitioners’ tasks are relatively cerebral, i.e., 
involving largely prolonged analytical thinking. By contrast, in 
the frontstage, practitioners carry out intensive, simultaneous 
thinking and doing in a complex social and material surrounding, 
in which they have to rely on their tacit knowing (Polanyi, 1962) 
in action, rather than explicit calculation or prolonged analysis 
out of action (Eraut, 2000; Schön, 1983). As a result, computing 
interfaces aimed to augment frontstage practice ought to be 
designed differently.
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Our design cases unveiled the various facets such tacit, 
underlying intelligence could entail in the frontstage of teachers 
and nurses and how they could be augmented by designs. For 
instance, teachers’ intelligent practice can be manifested by their 
effortless and flexible incorporation of digital resources during 
the moment of lecturing (An et al., 2017). Their intelligence can 
also be revealed when they can intuitively reflect in action on 
how well they have been providing interpersonal interaction to 
each individual learner (An et al., 2019). As for a NICU nurse, 
we could say that this nurse is acting intelligently when they 
can proficiently deal with non-actionable alarms while keeping 
their main activity in an incubator uninterrupted (Cabral Guerra 
et al., 2019). Moreover, a NICU nurse’s intelligence could be 
implied when they can responsively, and proactively manage 
the supplies of surrounding medical devices along with other 
unfolding caring tasks (van Bentum et al., 2019). The design cases 
studied in this paper have surfaced how practical intelligence 
could be incrementally and unremarkably extended by peripheral 
interactions without overburdening practitioners.

This resonates with Polanyi’s theory about how tools could 
extend our practical comprehension (Polanyi, 1962). Namely, 
when a person practices intelligently with their tool, the use of 
the tool becomes part of their tacit knowing (Polanyi, 1962): i.e., 
the tool itself can be tacitly relied on, so that the person can better 
focus on the goal that they use the tool to approach. This is also 
vividly explained by Heidegger’s metaphor of readiness-to-hand 
(Heidegger, 2005): when using a hammer, the hammer itself is 
tacitly relied on, as if it becomes an extension of our hand; and 
our focus is on the nail that we use the hammer to approach. 
Similar metaphors have been made by Schmidt using glasses and 
binoculars (Schmidt, 2017b): before using binoculars, we have to 
deliberately decide the moments of use and explicitly pick them 
up to observe our target; differently, glasses extend our perception 
more tacitly, since we are less attentive to the glasses per se but 
more focused on the target of observation. 

These metaphors surface the same implication: tools that 
extend our intelligence in practice should become the instrument 
of attention rather than the focus of attention. In other words, to 
extend practitioners’ practical intelligence, technology should be 
designed to be tacitly relied on rather than focally attended to in 
their frontstage ecology. Only by doing so could the designed 
technology systems be compatible with practitioners’ economical 
and dynamic way of mobilizing attention, and thus incorporated 
into their spontaneous skill performance and intuitive sense-
making. While our design inquiry has implied meaningful 
potentials, more future explorations are still needed to broaden 
and deepen our knowledge about this uncharted design space. 

In a nutshell, facilitating human-technology symbiosis 
to empower future practitioners is a relevant challenge in our 
current societal context. We argue that designing peripheral 
interactions in practitioners’ surroundings can be a promising 
and unique approach to this challenge for two-fold reasons. 
First, it specifically extends the form of intelligence embodied in 
practitioners’ intensive, simultaneous doing and thinking. Second, 

it reveals that our intelligence does not only concern what is 
focused on in the center of our attention but also what can be 
tacitly relied on in the periphery of our attention.

Conclusions
This paper explores how to support practitioners with technologies 
that can seamlessly fit into their busy frontstage occasions. 
Nowadays, practitioners are increasingly required to incorporate 
supportive technologies in their complex and intensive 
workflows; however, they only have limited time and attentional 
resources available for interacting with technology devices. 
Current human-computer interaction (HCI) paradigms often 
demand users’ continuous focal attention, assuming the designed 
interaction as the users’ primary or only task during the moment 
of use. Relying solely on such focal interaction hinders supportive 
devices from fitting in professional routines, in which interacting 
with technology devices is often practitioners’ secondary task 
performed along with other unfolding activities. We thereby 
have explored a supplementary HCI style in the emerging field of 
peripheral interaction, which argues for enabling users to interact 
with computing systems not only in the center, but also in the 
periphery of their attention. In the paper, we first connected related 
theories regarding professional routines to the design research in 
peripheral interaction. Subsequently, we concretized the potential 
and implication of peripheral interaction in real-world contexts by 
presenting four design cases aimed for supporting school teachers 
and NICU nurses. Our design cases have demonstrated how 
peripheral interaction could unobtrusively support practitioners by 
enriching their repertoire of action and enhancing their reflection-
in-action. Generalizing upon our design cases, we formulated a 
set of design insights (two properties and six considerations) that 
could inform future work in leveraging peripheral interaction to 
support busy practitioners. Finally, we addressed our vision of 
how peripheral interaction could be used as a meaningful approach 
to empower future practitioners by seamlessly and incrementally 
extending their practical intelligence.
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