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Chapter 1.                               

Introduction 

The bell rings and the lesson is over. Students start leaving, but Patrick cannot rest yet. He 
is a mathematics teacher in this secondary school. Within five minutes, another lesson of 
his will begin in the same classroom. He is now doing preparations on his laptop computer: 
he needs to save and close some documents used in the previous lesson, as well as open and 
modify the slides for the upcoming lesson. Also, he needs to launch some other applications 
including a calculator simulator, and an online tool for drawing function graphs, and get 
them ready for use on his digital whiteboard (i.e. a wall-mounted projection of his laptop 
screen on which he can write digitally through a stylus). He splits the screen by dragging a 
calculator simulator to the right side of the display and resizing the slides to fill the left side 
- he will need both during lecturing. He tries to finish such preparations before the lesson, 
since he is often too busy to focus on the computer screen during a lesson. The bell rings 
again, and the new lesson begins. Students from another class are entering. He leaves the 
seat for handing out some learning materials he printed for them. As he walks around the 
classroom, spreading the pile of handouts, he also talks: greeting students, asking some of 
them to put their backpack away from desktops, or reacting to their casual conversations 
(e.g. a football game took place yesterday). 

As scheduled, his actual teaching starts with lecturing: he needs to explain a few new 
concepts and demonstrate how to do related calculations. Right now, he has a textbook in 
his left hand and a stylus (for writing on the interactive whiteboard) in his right hand. 
While he is explaining the concepts from the textbook, spontaneously, he also observes 
students’ reactions, to see whether they are paying attention, or whether they may have 
difficulties in following what he is explaining. This helps him adjust the pace of teaching 
accordingly. Even when he turns back to the students, writing on the whiteboard, he 
subconsciously tries to hear whether students are discussing something irrelevant to this 
lesson.  

The lesson has soon gone to its second half: a self-studying session, in which students 
exercise what they just learnt, and in which Patrick walks around the students, supervising 
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them closely. As expected, he already got quite some questions from the first region he 
entered. Questions often do not come one by one: when he is helping one student, another 
may raise his/her hand as well. In such a moment, he would give the latter a nod, meaning: 
“I saw you, and I will remember to come to you later.”  While helping individuals, he still 
observes the whole classroom. For example, although he is now in the middle of a 
discussion with one student, he sees that another student sitting further seems to be playing 
with his mobile phone. “Okay, I will let it be for now and talk to him right after I finish 
here…”  

So he continues supervising students. At one point, glancing around the classroom, he sees 
the wall clock and immediately notices that there are less than ten minutes left. “Wow, time 
has gone fast,” he was a little surprised. So far, he has been mostly circling around one 
side of the classroom; he feels that he has not visited the “left-back” corner of the room as 
much as he desires. “Perhaps I should go there for the rest of the time. Students there don’t 
ask questions very often,” he knows, “But it doesn’t mean that they don’t have questions.” 
However, he is stopped half way by another question shared by several students; it is about 
an exercise from a previous lesson. He realizes that maybe more students are still confused 
by it, so he decides to use the last few minutes to clarify it to the whole class. “It would be 
very handy if only I had prepared a graph about this exercise in my slides. Getting this 
graph right now on the laptop just takes too much effort… Anyway, I’ll just explain it with 
them looking at the textbook…” 

1.1 “Front-stage” Routines of Professionals 

The narrative above delineates the workaday routines of a secondary school teacher - a 
typical professional practitioner. Besides teachers, there are numerous professional 
practitioners in our society, such as nurses, clinicians, chefs, waiters/waitress, production 
engineers, jazz musicians, firefighters… to name but a few. Primarily, a professional 
practitioner is a specialist that deals with a specific type of practical situations which 
demand proficiency in their complex workaday routines (Schön, 1983). This thesis explores 
how to enable technology to more seamlessly support professional practitioners in their 
moments of busyness. Namely, through the research presented in this thesis, we 
demonstrate new instances and implications for Human-Computer Interaction (HCI) 
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design, which could help future designers to meaningfully blend supportive technologies 
into professional practitioners’ routines, without interfering with their existing workflows. 

Professional practitioners are a unique and challenging user group for HCI design due to 
the “front-stage” (Eraut, 1995; Goffman, 1959) part of their day-to-day practice, in which 
their routines are prominently characterized by complex, intensive and dynamic activities. 
For instance, as Figure 1-1 shows, a school teachers’ front-stage practice is classroom 
teaching, and a hospital nurse’s front-stage practice is nursing patients during his/her shift. 
These front-stage occasions are distinguished from their “back-stage” practice: such as a 
teacher preparing teaching materials for future lessons, a nurse writing reports about the 
patients, or some other work they do when often sitting behind their desks. Similarly, many 
other professionals have their own front-stage practice: just think about the day-to-day 
work of clinicians, chefs, firefighters, etc. Designing HCI to support professionals in their 
front-stage routines can be rather different from designing HCI for generic users of a 
desktop or mobile application (e.g. a video editing application or a mobile game), for whom 
interacting with the computing device is often the primary or only task during use. 
Conversely, in their front-stage routines, professional practitioners often have limited time 
and attentional resources for using supportive computing devices, and interacting with one 
device is often neither the only nor the central part of their whole practice. As a result, the 
front-stage routines in professional practice offer a unique and challenging context for HCI 
design research to probe new opportunities of meaningfully weaving technology into users’ 
complex routines. However, little research in HCI has been explicitly focused on exploring 
and extracting design implications for seamlessly supporting the front-stage routines of 
professionals; this has become the motivation of our research. 

To further reveal the uniqueness of this HCI design context, we now use the above story of 
Patrick to briefly analyse a professional’s front-stage practice. As illustrated by the story, 
this secondary school teacher’s day-to-day routines are indeed complex: during a lesson, he 
has to carry out various activities, such as handing out sheets, accessing and using digital 
resources, lecturing to the whole class, supervising individuals, reacting to help requests, 
keeping time based on the lesson plan, or maintaining the engagement of students. While 
carrying out these activities, he is immersed in a rather complex social and material 
surrounding: he needs to interact with a group of (often around 25) learners with varying 
learning capabilities, perform teaching tasks in different locations, and use multiple objects, 
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Profession    “Back-stage” practice “Front-stage” practice 

 

Nurses 

  

Teachers 

 
 

Figure 1-1. An illustrate of the "back-stage" and "front-stage" occasions of professional 
practice using the day-to-day work of nurses and teachers as examples. Many types of 

professional practice contains front-stage occasion in which their routines are prominently 
characterized by complexity, intensity, and uncertainty. 

tools, or devices. Also, time is often not unlimited to a professional practitioner: Patrick has 
to do things intensively otherwise he will not be able to fulfill his teaching objectives for 
this lesson or provide a sufficient amount of help to each individual learner. Moreover, as 
revealed in the story, the events within professional practice can be rather dynamic: each 
episode of teaching never unfolds itself exactly as it has been planned. Instead, 
unpredictable situations emerge during the lesson: for example, unexpected reactions, 
questions, requests, or other unforeseen interruptions from the students. 

As revealed in Patrick’s story, these complex, intensive and dynamic activities may require 
a professional practitioner to (1) selectively pay attention to the relevant aspects here and 
now in his/her practice, (2) keep attuned to multiple events taking place in the surrounding, 
(3) respond to surprising or interrupting situations, and (4) perform multiple tasks 
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simultaneously or switch between tasks back and forth. Specifically, during his lecturing to 
students, Patrick had to pay attention to different aspects of his practice, such as the content 
he was trying to explain, the whiteboard, or the textbook he was using in lecturing, as well 
as his students’ behaviors - whether they were able to follow him or whether they were 
distracted. Regardless of what teaching tasks he was undertaking - be it group-level 
lecturing or individual supervising - he always tried to keep attuned to things happening 
around the classroom: e.g. whether students were talking about irrelevant things or playing 
with a mobile phone. As a surprising or interrupting situation emerges, he had to act upon it 
responsively. For example, if he found that students might have difficulty in following his 
lecturing, he would slow down the pace of teaching accordingly; or, when unexpected 
questions were asked by students, he would improvise extra explanations on the spot. In a 
number of situations, multiple tasks were performed by him together in (quasi-) parallel: 
such as explaining concepts in front of the class while observing and interpreting students’ 
reactions, or handing out sheets around the room while asking students to remove their 
backpack from the desk top. In other situations, he performed tasks in a interleave manner, 
switching between them back and forth: such as quickly responding to a student’s request 
in the middle of helping another, or writing on the whiteboard shortly and then turning back 
to resume lecturing. 

1.2 A Gap for Current HCI to Seamlessly Support 
Professional Routines 

Above described busyness and complexity in their routines thereby pose a challenge for 
professional practitioners to be supported by computing technology: while they have only 
limited attentional resources available for interacting with supportive computing devices, 
these devices often demand users to retain focal attention during use. This focal way of 
interaction may hinder emerging technologies from seamlessly fitting into professionals’ 
front-stage routines. 

1.2.1 Professionals’ Needs for Technology in Front-stage Routines 

Technology has been increasingly valued for bringing beneficial or even necessary support 
to modern professional practice (Barnard & Gerber, 1999; Ruthven, Hennessy, & Brindley, 
2004). As a result, nowadays professional practitioners are increasingly expected to have 
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the competence of incorporating technology use in their front-stage practice. For example, 
in the profession of teachers, utilizing computing devices (e.g. laptop/tablet computers) 
during a lesson is considered to benefit classroom teaching in many aspects, including 
giving teachers access to up-to-date resources, or increasing learners’ engagement and 
productivity (Ruthven et al., 2004). Therefore, a successful use of technology in classroom-
teaching has become an important aim for teachers’ professional development (Ertmer, 
2005; Ruthven et al., 2004). As for another group of practitioners, hospital nurses, 
technology (e.g. medical devices) has long been playing a necessary role in their front-stage 
practice. Nonetheless, due to the increasing presence of technology systems in 
contemporary healthcare contexts, nurse trainees are expected to exercise more than ever 
for coping with technology in nursing (Barnard & Gerber, 1999). These examples show that 
technology has been and will continue making its way into the front-stage of professional 
practitioners; such increasing presence of technology could continue benefitting 
professional practice (e.g. by increasing the efficiency or effectiveness of some traditional 
ways of practice). 

However, while suggesting potential benefits, the technology itself is a complex entity that 
adds to the complexity of professional practice; technology systems intended for support 
sometimes unintentionally overburden the professionals in their front-stage routines, 
interfering with their pre-existing activities, or even causing burnout to them. Perhaps as 
evidence for this, although nowadays classrooms in western world are well equipped with 
ICT infrastructure, the actual use of computers for teaching purposes was found to be less 
frequent that expected (Cuban, Kirkpatrick, & Peck, 2001; Ertmer, 2005). This was 
suggested to partially result from teachers’ experiences that using technologies during 
classroom teaching was time-consuming and effortful (Becker, 2000; Cuban et al., 2001). 
Similarly, although nurses are extensively trained for coping with related technologies, they 
are often challenged by technologies in real-life clinical situations. For example, according 
to related research into the Neonatal Intensive Care Unit (NICU) of the hospital, an 
overwhelming number of clinical monitoring alarms generated by a variety of medical 
devices on a daily basis was found to cause anxiety or burnout of nurses (Braithwaite, 
2008) as well as negative impacts on their neonatal patients (Lai & Bearer, 2008). These 
examples indeed demonstrate that while the emerging technology could meaningfully 
benefit professional practitioners, they may also escalate the complexity in their routines. A 
meaningful and urgent topic has been thus surfaced: how can we carefully design the 
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emerging technology systems so that they can seamlessly support front-stage routines of 
professionals without interfering with their existing workflows or overburdening their 
mind? One possible solution, as presented by this thesis, is to explore an alternative style of 
human-computer interaction that minimizes professionals’ attentional load of using 
technologies in their front-stage routines. 

1.2.2 Current HCI Often Demands Continuous Focal Attention 

As revealed in Patrick’s story, attentional resources are often valuable yet limited to 
professional practitioners in their busy workaday practice, for they have to pay attention to 
many aspects in their ongoing activity, and perform multiple tasks concurrently or 
sequentially. However, as Figure 1-2 shows, current computing devices often require users 
to pay continuously focal attention when interacting with them. Namely, while using most 
off-the-shelf devices, such as laptop/tablet computers, mobile phones, or smart watches, 
typically, a user has to retain visual focus on the graphical user interfaces (GUIs) of these 
devices to interpret relevant information, and meanwhile perform a sequence of precise 
operations (e.g. through fingertip, mouse or keyboard), in order to successfully fulfill an 
episode of interaction.  

Such type of HCI that only relies on users’ focused attention may not fit well into 
professional practitioners’ busy workflows. As described in the beginning story, Patrick 
always tries to do the tasks of preparing digital resources on his laptop before a lesson 
starts, because there is often no time to focus on the screen and perform those interactions 
during teaching activities. When he got the unforeseen question which he had  not  prepared   
in  advance,   he   chose  to  give   up  using  the  digital  material  to supplement his 
explanation and instead used the textbook solely, because preparing the graph on the spot 
would just take too much effort. It thereby seems that such type of HCI can be 
overburdening for practitioners to carry out along with other ongoing tasks in their 
intensive routines. Although a large portion of HCI will inevitably require a high-level 
devotion of users’ attention, certain part of technology use might benefit professional 
practitioners more by requiring lesser involvement of their attentional resources, since 
interacting with computing devices is usually neither the only nor the most crucial part in 
their work. As we have seen in the beginning story, different from how he uses his laptop, 
during teaching, Patrick interacts with some daily objects in a relatively less focal but more 
tacit way. For instance, in the activity of handing out the printed learning materials around 
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Figure 1-2. Current off-the-shelf computing devices often require users’ continuously focal 
attention during use. Such interaction style may not suit the busy front-stage routines of 

professional practitioners. 

the classroom, he could easily manipulate the pile of papers in his hand, without having to 
focally attend to them; and simultaneously, he was able to notice surrounding things (e.g. 
backpacks on the desktop) and talk to different students. Similarly, in the supervised self-
studying session, Patrick seamlessly saw the wall clock as part of his observation about the 
classroom; at a glance, he got aware that the remaining time was less than ten munities.  

Such interactions, including physical manipulation of, as well as information perception 
from daily objects, do not require continuous focal attention, and hence can be seamlessly 
interwoven with other threads of tasks in a practitioner’s intensive routines. It is thereby 
reasonable to imagine that if some part of practitioners’ use of computing technology can 
resemble this more effortless, less focal way in which they interact with many daily objects, 
computing technology might fit more seamlessly into their routines, and hence afford more 
opportunities to support them. For example, imagine that Patrick is enabled to more 
effortlessly manipulate digital resources on the spot during a lesson; he might thereby 
choose to use digital resources more often when improvising in lecturing. For another 
example, just like how the clock tacitly reminded him the remaining time, imagine that 
Patrick is given some awareness during teaching about how much time he has spent in 
different areas of the classroom without him focally checking on a screen; this might help 
him more reflectively plan his moves on the fly. Consequently, computing technology 
seems to have more potential in supporting professional practice, if its use can be more 
seamlessly woven into practitioners’ existing routines. 
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In summary, it has therefore become clear that the common HCI style shared by many 
current computing devices, which relies on users’ continuous focal attention, may hinder 
the use of computing technology from being seamlessly incorporated into professional 
practitioners’ routines. This may hence restrict computing technology from reaching its full 
potential of supporting professional practice. Aimed for addressing this gap, the research 
presented in this thesis intends to explore how to design human-computer interaction that 
can seamlessly fit into and benefit the complex, intensive routines of professional 
practitioners. To do so, we have based our design explorations upon a relevant emerging 
field in HCI: peripheral interaction. 

1.3 Designing Peripheral Interaction for 
Professional Practitioners 

1.3.1 Human-Computer Interaction in the Periphery of Attention 

The emerging field of peripheral interaction (Bakker, van den Hoven, & Eggen, 2015; Edge 
& Blackwell, 2009; Hausen, 2014) explores the design of human-computer interaction that 
is able to be carried out in the periphery of users’ attention. The idea of leveraging the 
periphery of users’ attention was firstly proposed by Weiser and Brown in their renowned 
vision of “calm technology” (Weiser & Brown, 1997). This vision is proposed based on the 
fact that computing technology devices are becoming increasingly ubiquitous in our daily 
surroundings, and each device often means to engage users in the center of their attention. 
As a result, more and more of our attentional resources will be occupied by these emerging 
devices, and we may be overburdened in our daily lives. To avoid this undesirable future, 
the vision of calm technology argues for the idea that computing technology should not 
only be able to engage users in the center of their attention. In addition, some part of 
computing technology should also be able to engage users in the periphery of their 
attention, and shift between the center and the periphery as desired. This argument is based 
on our capability of using the periphery of attention, which is commonly manifested in our 
daily lives. For example, while working in a room, we could tacitly know the change of 
weather by the change of incoming daylight inside the room, or the sounds of raindrops 
drumming on the window, without us focally looking through the window. In a similar 
way, computing technology might also leverage the periphery of users’ attention, and thus 
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be unobtrusively integrated into their daily lives, without burdening them with 
overwhelming streams of information. 

The vision of calm technology has inspired a series of inter-related research areas in HCI 
under the terms of ambient media (Ishii et al., 1998), unremarkable computing (Tolmie, 
Pycock, Diggins, MacLean, & Karsenty, 2002), peripheral display (Matthews, Dey, 
Mankoff, Carter, & Rattenbury, 2004), ambient information system (Pousman & Stasko, 
2006), as well as recently peripheral interaction (Bakker et al., 2015; Edge & Blackwell, 
2009; Hausen, 2014). Building further upon the prior related areas, which have mainly 
focused on presenting information in the periphery of users’ attention, the emerging area of 
peripheral interaction explicitly argues that in addition to information display, some 
physical or bodily interactions with computing devices could also be designed to be carried 
out in the periphery of users’ attention (Bakker et al., 2015). This can be supported, again, 
by looking at our everyday activities, in which we reveal the capability of performing 
various physical or bodily tasks in the periphery of attention. For example, when we are 
reading a book, we could easily reach our coffee mug and take a sip, without focally 
attending to the mug. Or, while using a sewing machine, we are able to control its pedal 
peripherally, while highly focused on the task at our hands. Consequently, peripheral 
interaction argues for the design of both peripheral information display, and peripheral 
physical interaction, which can help computing technology to be meaningfully integrated 
into users’ everyday lives. 

1.3.2 Potential of Peripheral Interaction to Support Professionals 

Above mentioned ideas are relevant to our target design context: professional routines. To 
be specific, the vision of calm technology as well as its succeeding research in HCI have 
been motivated by the challenge that while computing devices are becoming increasingly 
ubiquitous in our daily surroundings, requesting our engagements, we do not have 
unlimited attentional resources (neither would we intent) to focally interact with all of 
them. Such a challenge prominently holds for professional practitioners, since attention is 
especially valuable and limited for them. As revealed in the story of Patrick, professional 
practitioners have to rely on an efficient and economical way of using attentional resources 
in their complex, intensive and dynamic routines, in which interacting with computing 
devices is often neither the only nor the central part. Besides computing devices, they often 
need to interact with a multitude of people (e.g. clients or colleagues), artifacts, and 
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environmental factors (e.g. locations, or spatial arrangements of things), and process 
multiple streams of surrounding information (think about everyday work of teachers, 
nurses, chefs, etc.).  

As a result, this group of users might be more challenged by the increasingly ubiquitous 
presence of computing devices in their workaday environments.  In this sense, the value of 
leveraging peripheral interaction to reduce users’ attentional load in using computing 
devices appears to be especially meaningful in the context of professional practice. 
Consequently, peripheral interaction seems to be a promising point of departure for 
exploring the design of HCI to support busy routines of professional practitioners. 
However, in these above mentioned areas inspired by the vision of calm technology, there 
still lacks design instances or extracted insights that can adequately help future related HCI 
works to understand and design for professionals’ front-stage routines. Originally, the 
vision of calm technology has been explained and concretized by Weiser and Brown using 
several examples from a general office setting (Weiser & Brown, 1997). Corresponding to 
this, a large number of their succeeding design explorations, encompassing both peripheral 
information display (Gellersen & Beigl, 2000; Ishii et al., 1998; MacIntyre et al., 2001; 
Müller, Pielot, Heuten, Kazakova, & Boll, 2012), and peripheral physical interaction (Edge 
& Blackwell, 2009; Hausen, Boring, & Greenberg, 2013; Hausen, Boring, Lueling, 
Rodestock, & Butz, 2012; Probst, Lindlbauer, & Haller, 2014), have extensively addressed 
use cases in desktop computing, or generic office settings. However, as we have addressed, 
these desktop or office scenarios resemble the back-stage occasions of professional 
practice, in which routines are different from those in front-stage occasions (as illustrated 
by Figure 1-1); peripheral interaction for supporting professionals’ front-stage routines 
could thereby represent different design insights which remain underexplored. 

On top of that, over the years, a number of related design cases have also tackled some 
more diversified contexts such as home (Consolvo, Roessler, & Shelton, 2004; Houben et 
al., 2016; Tezcan, Bakker, & Eggen, 2017), or public space (Eggen & Van Mensvoort, 
2009; Ishii, Ren, & Frei, 2001; Vogel & Balakrishnan, 2004). This may have somewhat 
reflected the overall trend in HCI community from the second wave HCI towards third 
wave HCI, which can be represented by a broadened scope of application domains and 
more intermixed activities of target people (Bødker, 2015), e.g. from desktop computing or 
generic office settings to daily life in domestic environments.  
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Nonetheless, still, very few explorations in those areas have been focused on the front-stage 
routines of professional practitioners: related designs were only sporadically presented 
(Bakker, Hoven, & Eggen, 2013; van Alphen & Bakker, 2015). More importantly, there 
lacks extracted design insights to inform or inspire future HCI works in this type of 
contexts. As revealed in the story of Patrick, the front-stage routines of professionals are no 
less complex than the routines in a domestic environment, but perhaps more intensive and 
dynamic, given the multitude of events, artefacts, and people involved in (e.g. imagine the 
intermixed activities within a classroom or a hospital). Therefore, such diversified contexts 
may provide unique and promising research opportunities that go with the tide of third 
wave HCI. Namely, as Bødker (2015) pinpoints , one of the general issues in the third wave 
HCI concerns the understanding of “artefact ecologies” (Bødker & Klokmose, 2012), in 
which multiple artefacts are brought together, intermixed in comprehensive activities of 
people, without clear delineation of which artefact is used in what moment. Indeed, 
professional practice contexts can be seen as typical examples of such artefact ecologies, in 
which the designed computing artefact is aimed for fitting into the pre-existing 
relationships among artefacts, events, and people, and in which the designed interaction is 
neither the only nor the central part of the users’ practice. Therefore, the design research in 
professional practice contexts could potentially offer rich empirical understandings about 
how peripheral interaction could be woven into those ecologies. In this sense, professional 
routines present themselves as timely and promising scenarios that are worth exploring in 
the field of peripheral interaction yet underrepresented by the research of the status quo. 

In summary, peripheral interaction (and its inter-related areas) can serve as a meaningful 
point of departure for exploring the design of HCI to seamlessly support professional 
practice; reciprocally, professional practice offers promising contexts to extend our 
knowledge about peripheral interaction. However, related design explorations are still 
underrepresented in the field, and insights that can help future peripheral HCI designers to 
understand and design for such contexts are lacking. In order to bridge this relevant 
knowledge gap, the research presented in this thesis pertinently explores the design of 
peripheral interaction for supporting professional practitioners and contributes a set of 
design insights which have been extracted from several field-based design explorations. 
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1.4 A Specific Context for Empirical Studies 

In order to ground our design-based inquiries onto a solid context of professional practice, a 
large portion of our research has been focused on a specific group of professional 
practitioners: secondary school teachers.  On the one hand, this context is chosen since 
school teachers are widely seen as a typical group of professional practitioners. Their front-
stage practice, classroom-teaching, has been often used as an example to illustrate the 
complexity and busyness of professional practice, across many social scientific studies  
(Eraut, 2000; Hatton & Smith, 1995; Schön, 1983; Yanow & Tsoukas, 2009). On the other 
hand, at the intersection of HCI and education, a large body of research has explored 
learners’ use of technology—e.g., (Gennari, Melonio, & Rizvi, 2019; Lo & Quintana, 2013; 
Luchini, Quintana, & Soloway, 2004; C. Quintana et al., 2004; Soloway et al., 1996)—
design explorations of new technologies to support teachers in classroom-teaching are 
underrepresented. In other words, classroom-teaching can afford a typical context to study 
professionals’ front-stage practice, while remaining rich potentials for developing new 
supportive technologies. Consequently, a series of our empirical studies (presented in 
Chapter 3, Chapter 4, and Chapter 5) have been consistently focused on this typical group 
of professional practitioners. In addition to these empirical studies, towards the end of this 
thesis (Chapter 6), we broaden the scope of our inquiry again to generalize design insights 
into supporting professional practitioners in general. To do so, we also introduce and 
analyze design cases (contributed by our master design students) regarding another typical 
group of professional practitioners: hospital nurses. 

1.5 Research Objectives  

The goal of our research is to explore the design of peripheral human-computer interaction 
that can seamlessly fit in and benefit the busy routines of professional practitioners. By 
presenting our research in this thesis, we intend to provide design instances and extracted 
design insights that can inspire and inform future HCI works about seamlessly blending 
emerging technology into workaday routines of professionals. Moreover, we intend to 
extend the knowledge in the emerging field of peripheral interaction to the domain of 
professional practice, in order to more explicitly surface the potentials and implications of 
designing peripheral interaction for supporting professionals. As a result, a series of 
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particular studies to be presented in this thesis have been aimed for addressing the 
following four research objectives: 

Research Objective 1: to establish theoretical and contextual understandings about 
professional routines, and identify potentials of peripheral interaction. 

Research Objective 2: to explore how peripheral physical interaction could benefit 
professional routines and probe related design implications. 

Research Objective 3: to explore how peripheral information display could benefit 
professional routines and probe related design implications. 

Research Objective 4: to extract insights into designing peripheral interaction for 
supporting professional practitioners. 

1.6 Methodology 

According to our above mentioned research motivation and objectives, the research 
presented in this thesis are featured by two main approaches: field study and qualitative 
inquiry. 

1.6.1 Field Study 

Field study has been a common approach in the HCI community since the 1990s (Brown, 
Reeves, & Sherwood, 2011). This approach covers a class of HCI research under the terms 
such as field deployment/evaluation/implementation, field trials (Brown et al., 2011), 
design ethnography (Zimmerman, Forlizzi, & Evenson, 2007), culture probes (Mattelmäki, 
2005), or technology probes (Hutchinson et al., 2003). The core commonality shared by this 
class of research is that they all enter an ordinary naturalistic social setting (Koskinen, 
Zimmerman, Binder, Redstrom, & Wensveen, 2011) for studying how people interact with 
technology in their real-life environment. This is in contrast with a laboratory based 
approach, which adopts a pre-designed setting for revealing relationships between user 
behaviors and controlled variables of interest while obviating influences from irrelevant 
factors. While both field and laboratory approaches can lead to solid empirical knowledge 
in HCI research, the former seems to be a more reasonable choice for our research which is 
aimed for addressing professional practice context. 
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Specifically, our reasons for choosing the approach of field study are twofold. Firstly, 
activities within a professional context are difficult (if not impossible) to be adequately 
reproduced in a laboratory setting. As we have extensively discussed, professional practice 
context is a dynamic and complicated compound of people, artefacts and events. Hence, 
although the day-to-day work of a professional contains certain repetitive (Schön, 1983) 
elements (e.g. a teacher always does certain teaching activities in a lesson), each episode of 
his/her practice always reveals itself with certain uniqueness, peculiarity, and uncertainty 
(Schön, 1983) (e.g. teaching activities with same purpose are never carried out exactly the 
same way each time). In a pre-designed, well controlled setting, a professional practitioner 
is less likely to experience such uniqueness, peculiarity, and uncertainty, which happen to 
be the characteristic part of their day-to-day work. Secondly, professional routines may 
only be authentically revealed in professionals’ familiar environment. As many social 
scientific studies have addressed (Amin & Roberts, 2008; Billett, 2001; Gourlay, 2006), the 
know-how (or “knowing-in-practice” (Billett, 2001; Schön, 1983)) embedded in 
professional practitioners’ routines is highly personal, experiential, and context-dependent, 
meaning a professional practitioner may only authentically reveals his/her specialization in 
the specific social and material environment that he or she is familiar with. As a simple 
example, a chef is less likely to show us how he really works when in someone else’s 
kitchen. In summary, we argue that a field study approach is necessary for the studied 
professional practitioners to experience the varying practical situations which are an 
inherent part of their day-to-day work, and reveal their routines in practice ecologically and 
authentically. For these reasons, in this research, we have entered the real-life practice 
context of secondary school teachers, for gathering first-hand empirical understandings 
about their routines (Chapter 3), as well as for extensively evaluating two designed systems 
in ordinary naturalistic settings (Chapter 4 and Chapter 5): i.e. classroom-teaching activities 
in participating teachers’ own classrooms based on their pre-existing teaching plans for the 
students. 

1.6.2 Qualitative Inquiry 

As another main approach featured in this research, qualitative inquiry has been adopted for 
our data gathering and analyses because of the highly explorative, open-ended nature of our 
goal and objectives. Our intention is to contribute both instances of and insights into the 
design of HCI that could seamlessly support professional routines. Such a speculative goal 
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is typically seen as a “wicked problem” (Zimmerman et al., 2007) in interaction design 
research which is difficult or impossible to be effectively quantified, i.e. represented or 
tested through mathematical models or causal relationships. Instead, such exploration relies 
on openly generating and reframing our practical understandings about the target context 
based on concrete empirical data (e.g. how professional practitioners incorporate 
technology in their routines or how hey experience/make sense of the designed HCI) with 
vivid contextual information that are gathered from the field. For this reason, semi-
structured interviews have been utilized as one of the data gathering methods across our 
empirical studies, in order to yield thick descriptions with rich contextual information from 
participating practitioners’ lived experiences. Correspondingly, to address these rich and in-
depth textual data, a standard qualitative analysis method (e.g. qualitative content analysis 
(Hsieh & Shannon, 2005) or phenomenological method (Moustakas, 1994; Starks & 
Trinidad, 2007)) has been adopted for each empirical study in the thesis, in order to 
systematically interpret the content and contextual meanings of the gathered data. 

1.7 Overview of This Thesis 

The remaining of this thesis is structured in accordance with the research objectives 
(research objective 1-4) we have listed earlier in this introduction. An overview of the 
structure can be seen in Figure 1-3. As the figure shows, after this introduction, six 
upcoming chapters are included in this thesis. From Chapter 2 to Chapter 6, each chapter 
presents a study that is aimed for addressing one of the research objectives (research 
objective 1 - 4) we mentioned earlier in this introduction. Chapter 7 concludes the thesis by 
summarizing the main results and contributions of prior chapters along all the research 
objectives. These chapters are divided into three phases according to different stages of the 
research. We now briefly introduce the content of each phase. 

Phase I: Understanding Design Context 

In Phase I we establish both theoretical and contextual understandings about the context, 
and identify potentials of peripheral interaction for later design explorations (i.e. research 
objective 1). In chapter 2, we start our inquiry of the whole thesis from examining related 
social scientific theories about routines of professional practitioners, as well as prior 
research related to peripheral interaction. By doing so, we aim to establish a theoretical 
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understanding about the professional practice context in general, and preliminarily identify 
how peripheral interaction can benefit this context. 

Narrowing the scope of our inquiry, in Chapter 3, we enter a typical professional practice 
context: classroom-teaching of secondary school teachers, in order to empirically 
understand our design context, ground our theoretical understanding to the rich and vivid 
examples of teachers’ classroom routines, and thereby identify specific opportunities of 
designing peripheral interactions for this group of professionals. 

Phase II: Implementing and Evaluating Designs 

Phase II serves as the stage where we transform the established understandings into our 
design activities in a real-life context, in order to gather practical implications for design. 
Based on the contextual knowledge about the professional practice of secondary school 
teaching, we ideate, implement, and evaluate two peripheral interaction designs in real-life 
classroom settings, in order to explore the design of both peripheral physical interaction  
and  peripheral  information display in this specific context. In chapter 4, we present the 
first design case in this thesis, a system called “FeetForward”, which is meant to support 
teachers’ quick and simple manipulation of digital resources during lecturing through 
peripheral physical interaction. In this chapter, we report the design, development as well as 
field evaluation of FeetForward system, based on all of which we probe and discuss design 
implications regarding peripheral physical interaction (Research Objective 2). 

In Chapter 5, another system named “ClassBeacons” is presented, which is meant to 
unobtrusively support teachers’ awareness about how they divide time and attention over 
students while supervising the self-studying activities of students. In this chapter, the 
concept development and verification, technological implementation and an extensive field 
evaluation of ClassBeacons is reported with the aim of exploring design implications 
regarding peripheral information display (Research Objective 3). 

Phase III: Extracting Design Insights 

In phase III, the final stage of the thesis, we return to a broadened scope beyond the specific 
context of classroom teaching, in order to distill insights into the design for professional 
practitioners in general. To do so, in Chapter 6, we present another two related design cases  
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Figure 1-3. An illustration of the structure of this thesis. 
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by our coached master students. These two cases, named “Beepless Pedal” and 
“CheckMates”, have been inspired by our two design cases (FeetForward and 
ClassBeacons), but aimed for supporting another group of professional practitioners: nurses 
working in a Neonatal Intensive Care Unit of a hospital. Subsequently, we analyze the four 
cases together to extract design insights beyond the particular context of teaching, in order 
to inspire and inform a larger body of design research in HCI (Research Objective 4). 
Namely, we unveil two design properties that are important for peripheral interaction to 
possess when aimed for supporting professional routines. Correspondingly, we generalize 
six design considerations that are meant to help designers practically achieve these two 
properties in design. 

Finally, we conclude the thesis in Chapter 7 by summarizing and discussing the main 
results from prior chapters to surface how our research objectives have been addressed by 
our studies as well as what contributions this thesis leads to. 



 



 

Chapter 2.                                                 
Theoretical Background: Routines of 

Professional Practitioners 

Abstract: In this chapter, we examine the related literature to understand the workaday 
routines of professional practitioners. Accordingly, we connect the theoretical implications 
from the literature to the field of human-computer interaction. First, based on the literature, 
we discuss the intensive, complex and uncertain situations in professionals’ front-stage 
practice. Following this, we explain how professional practitioners rely on their established 
routines to cope with the complexity in their practice, and why peripheral interaction is 
expected to fit into their busy front-stage routines. Subsequently, we explain in detail about 
two important aspects of professional practitioners’ routines: their repertoire of action and 
their reflection-in-action. These two aspects help practitioners to proficiently react to and 
make sense of unfolding situations in their workaday practice. Based on our theoretical 
examination, we hypothesize that these two aspects of professional routines can be 
supported by two types of peripheral interaction designs: peripheral physical interaction and 
peripheral information display. We hypothesize that the former one could enrich 
practitioners’ repertoire of action by enabling their effortless operations of supportive 
devices without disrupting their existing workflows, and the latter one could enhance their 
reflection-in-action by informing them of the unfolding situations without overburdening 
their minds. These two hypothesized potentials of peripheral interaction will be concretely 
examined in our later presented design explorations. Consequently, through the theoretical 
examination in this chapter, we formulate our interpretations of the front-stage routines of 
professional practitioners, and connect related theoretical implications to the design of 
peripheral interaction.   
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2.1 Introduction: the “Front-stage” of 
Professional Practice 

A professional practitioner is a specialist that pertinently copes with a specific type of 
practical situations in his/her day-to-day work (Schön 1983, p. 60). Such day-to-day work 
often contains “front-stage” (Eraut, 1995; Goffman, 1959) occasions, in which the 
professional practitioner is required to deliver skillful performances here and now, in front 
of a dynamic (material and social) circumstance and within a limited period of time. For 
example, teachers have their front-stage occasion during classroom-teaching:  within a 
lesson-period, they need to orchestrate multiple classroom events, providing differentiated 
aids to individual learners, and try a variety of techniques to fulfill the teaching goals of that 
lesson. Similarly, surgeons, health workers, chefs, waiters/waitress, firefighters, baseball 
players, jazz musicians, or lawyers… to name but a few, have their own “front-stages” in 
their workaday lives (see Figure 2-1 for some examples). Such “front-stage” occasions are 
distinct from their “back-stage” occasions, in which professionals are not required to 
deliver immediate actions and could have enough time to leisurely and thoroughly reflect 
on their previous practice, or prepare for their future practice (e.g. a teacher in the staff 
room preparing for future lessons).  

Front-stage occasions are arguably the most demanding and daunting part in professional 
practice, for it demands professional practitioners to act spontaneously and think on their 
feet. Therefore, to explore how technologies can be designed to better support such 
occasions is relevant as well as challenging: the designed technologies should meaningfully 
help professional practitioners without getting in the way of their flow of practice. For these 
reasons, the design inquiry in this thesis only encompasses front-stage rather than back-
stage of professional practice. Namely, the design explorations to be presented in later 
chapters will focus on a typical front-stage occasion: (secondary school) teachers’ 
classroom teaching (Eraut, 1995). 

2.1.1 Characteristics of Practitioners’ Front-stage Practice 

Many related studies can be found to examine professional contexts which involve a front-
stage occasion: like that of teachers (Brante, 2009), hospital nurses (Storesund & 
McMurray, 2009), clinicians (Laxmisan et al., 2007) ,  jazz  musicians  (Peplowski, 1998),  
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Figure 2-1. Some examples of the front-stage occasions of professional practice. Top left: 
hospital ICU (photo by Katrina Massey: http://www.katrinamassey.com/our-littlemonkey-born-at-

29-weeks-victoria-premature-baby-photographer/). Top right: restaurant kitchen (photo by 
ELEVATE: https://www.pexels.com/photo/chef-preparing-vegetable-dish-on-tree-slab-1267320/). 

Bottom: secondary school classroom. 

mediators (Balachandra, Barrett, Bellman, Fisher, & Susskind, 2005), etc. Based on these 
studies, three prominent characteristics of professionals’ front-stage practice can be seen: 
intensity (i.e. rapid pace), complexity (i.e. complicated tasks), and uncertainty (i.e. dynamic 
circumstances).  

Intensity: during front-stage practice, time is often not unlimited for professionals. As 
specialists, they are expected to provide “the benefits of specialization (Schön, 1983)”, i.e. 
they need to resolve the practical problems efficiently. As a result, their actions are 
relatively intensive, and their attentional resources available are limited. There is often not 
enough time for them to think in a prolonged session and then act. Instead, they need to act 
in a spontaneous way to fit the rapid pace of their front-stage occasions. Classroom 
teaching can be an example to illustrate practitioners’ intensive tasks (Brante, 2009) and 
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rapid pace (Eraut, 1995; Yanow & Tsoukas, 2009) in front-stage routines. Within a single 
lesson period, a teacher needs to organize a series of classroom activities, and provide help 
to about 30 individual learners. Therefore, he/she needs to do things quickly and keep track 
of time throughout a lesson to make sure that everything is on schedule. Similarly, 
professionals like hospital workers, or firefighters etc., often have to act spontaneously, and 
sometimes decide their upcoming moves in split seconds (Salas & Klein, 2001; Yanow & 
Tsoukas, 2009).  

Complexity: professional practice is often a compound, consisting of multiple tasks to 
perform, multiple objects/people/environmental factors to interact with, multiple streams of 
information to process, as well as multiple practical goals to achieve. This requires 
practitioners’ multitasking: they often have to do or think multiple things at the same period 
of time, either in an interleaved manner or in a concurrent way. Moreover, they often have 
to switch their focus flexibly among different aspects of their current tasks. For example, 
related studies have revealed multidimensionality (Doyle, 1977) (i.e. large number of events 
to orchestrate), and simultaneity (Sabers, Cushing, & Berliner, 1991) (i.e. large amounts of 
information to process) in classroom teaching that require teachers to perform multitasking 
(Brante, 2009). Similar observations have also been reported regarding the day-to-day work 
of clinicians (Laxmisan et al., 2007), or that of managers (Watson, 1994) whose “attention 
must be switched every few minutes from one subject, problem, and person to another”  
(Yanow & Tsoukas, 2009). 

Uncertainty: the context of professional practice contains many (material or social) 
variables and thus is highly dynamic. Although a professional practitioner encounters a 
specific type of practical situations again and again, each situation never unfolds itself in 
exactly the same way as previous ones (Schön, 1983, 1987; Yanow & Tsoukas, 2009). 
Throughout each episode of their practice, many unexpected events, or peculiar elements 
may occur. For instance, in the practice context of hospitals (Heng, 2014) or classrooms 
(Brante, 2009; Eraut, 2000), there are always unexpected events or unique situations that 
require swift sense-making and improvisation. Therefore, professionals are expected to 
notice and understand the unexpected or unique elements in their current situations and 
improvise with them by modifying their actions accordingly. To do so, they need to make 
sense of their situations at hand, and modify their ways of doing things when necessary, 
without paralyzing their flow of practice. For example, a teacher may assess the atmosphere 



2.2 Understanding Professional Routines 25 

 

of the class every now and then to figure out how well he/she has been explaining things to 
the students, and whether they are confused, engaged or bored. And based on such 
reflections, the teacher could modify his/her upcoming moves, or try another technique of 
teaching. More prominent examples can be found from professionals like baseball players, 
or jazz musicians whose works rely heavily on their abilities to rapidly make sense of and 
improvise with the uncertainty in a rapidly unfolding situation (in a baseball game or a 
collective jazz performance) as described by Schön (1983).  

As generalized above, front-stage professional practice is characterized by intensity, 
complexity, and uncertainty. Intensity requires professional practitioners to deliver 
spontaneous performances in limited time. Complexity requires them to handle 
multitasking, either sequentially or concurrently (Salvucci, Taatgen, & Borst, 2009), and 
flexibly switch their focus among relevant aspects of their current activities. Uncertainty 
requires them to responsively reflect and improvise in the unfolding situations without 
paralyzing the flow of practice. In consequence, these characteristics jointly make the front-
stage routines of professional practice demanding. 

For this reason, as also mentioned in Chapter 1, front-stage practice is arguably the most 
challenging part of professional practice for new interactive technologies to meaningfully 
support: there is often no time and attention left for professionals to interact with 
technologies given the intensive performances, complex activities, and dynamic 
circumstances in their front-stage practice. For instance, despite the high access of 
computers in classrooms in western world, there appeared a relatively low use of computers 
for the purpose of classroom teaching (Cuban et al., 2001; Urhahne, Schanze, Bell, 
Mansfield, & Holmes, 2010) partly because of the extra time and mental efforts required 
from teachers (Becker, 2000; Cuban et al., 2001). This may suggest that current off-the-
shelf technology interfaces (such as interfaces of desktop/laptop/tablet computers, or smart 
phones) may not fit well into the front-stage practice of professionals. These technologies 
are designed for general purpose without considering the above mentioned characteristics 
of professionals’ front-stage practice. Therefore, it can be difficult for these technologies to 
be integrated into professionals’ already busy routines. We thereby believe that to design 
technology interfaces for supporting professional practitioners, it is necessary to 
comprehensively understand their front-stage routines. 
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2.2 Understanding Professional Routines 

This section examines related theories which help us establish a comprehensive 
understanding about the routines of professional practitioners in their front-stage practice. 
Three important aspects regarding professionals’ routines are discussed (as shown in Figure 
2-2). First, we explain how professional practitioners establish routines to reduce the time 
and attentional resources required by their day-to-day tasks, which helps them to handle 
their intensive and complex activities. To do so, the theory of tacit knowing (Polanyi, 1962) 
, as well as cognitive theories on habituation (Wood & Rünger, 2016) and skill acquisition 
(Dayan & Cohen, 2011) are addressed to explicate why routines are crucial for 
professionals’ practice, and why supportive technologies should be compatible with their 
existing routines. Second, we discuss practitioners’ repertoire of action (Figure 2-2), which 
refers to a set of available actions that practitioners can quickly choose from in their 
routines as an improvised response to different practical situations (Balachandra et al., 
2005; Wenger, 1998). We specifically examine how the use of tools and physical 
surroundings can be part of their repertoire of action to fulfill their practice (Hutchins, 
2005). Third, we address how practitioners make sense of their situation at hand through 
reflection-in-action (Schön, 1983, 1987), which helps them deliberately adjust their routine 
actions based on the change of unfolding situations (Figure 2-2). Based on theories 
examined in this section, we surface the importance for designed technologies to blend into 
professional practitioners’ established routines and suggest opportunities for technologies to 
enrich their repertoire of action and enhance their reflection-in-action. 

2.2.1 Practitioners’ Development of Routines 

Routines make professional practice fluent and coherent in its own context (Moorman & 
Miner, 1998). Professional practitioners have to perform different tasks in their complex 
activities with limited time and attentional resources. Through established routines, 
practitioners can do things quickly, without paying focal attention to all the particulars  
(e.g., some procedures or rules of their activities) in a comprehensive activity (Eraut, 2000). 
As a result, during front-stage practice, practitioners have to rely heavily on their  
established  routines.  Given the  importance of  routines to  professional  practice,  this 
subsection aims to examine related theories regarding how practitioners develop their 
routines. To do so, we first introduce the theory of tacit knowing  (Polanyi, 1962),  which  
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Figure 2-2. Our theoretical examination aims to understand professional practitioners’ 
development of routines, as well as two important aspects of their routines: repertoire of action, 

and reflection-in-action. 

accounts how practitioners develop tacit know-how through routinizing their practice. This 
theory has influenced many social scientific theories regarding professional development 
(e.g., Eraut, 2000; Nonaka & Takeuchi, 1995; Schön, 1983). In addition to that, we briefly 
address related cognitive theories which provide accounts for routinization of human 
behaviors in general, including theories on habituation (Wood & Rünger, 2016), behavior 
automaticity (Gardner, Abraham, Lally, & de Bruijn, 2012) and skill acquisition (Dayan & 
Cohen, 2011). 

Professional practitioners progressively develop routines by practicing in their familiar 
contexts. As a practitioner’s practice becomes increasingly routinized, his/her performances 
will get more spontaneous and unhesitant. As a result, he/she is able to cope with more 
intensive and complex activities. According to related theories (Eraut, 2000; Polanyi, 1962; 
Schön, 1983), such spontaneous performance reveals a type of know-how that is tacitly 
rooted in practitioners’ actions: they know how to perform the task well without focally 
thinking about how to do it prior to or during doing it. For example, orchestrating a specific 
learning activity (e.g. a self-study session or a dictation test) could become rather routinized 
and unhesitating to a teacher after working for several years; and playing a certain musical 
piece can be even automatic to a professional pianist. Such established know-how tacitly 
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embodied in professionals’ routines is called tacit knowing (Polanyi, 1962). Tacit knowing 
helps professionals focus beyond the particular aspects of their performance and do things 
quickly with less involvement of focal attention. 

The theoretical notion of tacit knowing was originally proposed by Polanyi  (1962). As 
suggested in Polanyi’s theory, any form of practical skills (no matter bodily or cerebral) 
contains tacit particulars that we can focus beyond when performing the skill. For example, 
for people who know how to ride a bicycle, they do not have to explicitly think about how 
they should keep balance or coordinate their muscular moves. If the action of cycling as a 
whole is seen as a skill, the acts of coordinating muscles and keeping the balance at each 
moment can be seen as particulars of this skill. As Polanyi further pinpointed, when 
performing such a practical skill, we are aware of these particulars “in terms of this 
performance and not aware of them in themselves  (Polanyi 1962, p. 601).” In other words, 
when performing the skill of cycling, in our mind, we attend to the performance of cycling 
as a whole, instead of focally examining its particulars such as pedaling, steering, or 
keeping balance. In this sense, we are aware of these particulars without focally attending 
to them. Therefore, after we acquire the skill of riding a bicycle, our knowing or knowledge 
about these particulars “can be said to be tacit (Polanyi 1962, p. 601)”. Another example of 
tacit knowing from him was about language: the more fluent we are with a language, the 
less we deliberate on its particular rules (e.g. grammar) while using it. 

Tacit knowing relies on a type of awareness which is not in the focal area of consciousness. 
Instead, it “may range from a conscious level, down to levels altogether inaccessible to 
consciousness (Polanyi 1962, p. 602).” Polanyi gave an example of a skier racing down a 
slope (Polanyi, 1962), in which controlling different parts of the body according to the 
external situation can be seen as particulars (sub-tasks) that constitute skiing as a 
comprehensive skill for this skier. And these particulars are still quite accessible to his 
consciousness since while racing he may retain awareness of and consciously control them. 
In this sense, ski could be seen as a comprehensive activity which requires multitasking 
involving different sub-tasks. However, even more particular entities, such as the specific 
movements of different muscles of a single body part are less accessible to his attention 
during the performance. And if the skier deliberately attends to a particular of his/her 
performance, it becomes no longer tacit.  
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Similar phenomena have been studied by cognitive scientists in terms of behavior 
automaticity (Gardner et al., 2012), habituation (Wood & Rünger, 2016), or skill 
acquisition (Dayan & Cohen, 2011). These studies revealed that a routinized task, such as a 
habit or skill, can “be performed quickly in parallel with other activities with minimal focal 
attention required (Wood & Kashy 2002, p. 1282).” For example, a study showed when 
performing a routine behavior, people are able to allocate attentional resources to other 
tasks at the same time, such as thinking about issues that are unrelated to the behavior 
(Wood et al., 2002).  Furthermore, as supported by empirical evidences, the routinization of 
tasks can happen not only with bodily (motor) performances (e.g. riding a bicycle, or 
playing a piano), but also with cerebral (cognitive) performances (e.g. simple decision-
making tasks (Daw, Gershman, Seymour, Dayan, & Dolan, 2011), problem-solving tasks 
such as Hanoi tower building (Patsenko & Altmann, 2010).  

As such, by routinizing their actions in workaday practice, professionals can progressively 
develop more comprehensive and elaborate practical skills. For example, cycling as a skill 
has its certain particulars as sub-tasks; but cycling itself can also be routinized as a 
particular in a more comprehensive practical skill (such a hierarchical development of 
practical skills is also explained by activity theory (Bertelsen & Bødker, 2003)). For 
someone who has newly acquired the skill of riding a bicycle, he may perform cycling as a 
whole comprehensive practice. As for a seasoned cyclist cycling on a commuting route 
with other bicycles and pedestrians, the situation can be different. The comprehensive 
practice that is seen by him as a whole might be: following the route to get home. And the 
action of cycling may thereby be focused beyond as one of the particulars. And he may just 
attend to cycling tacitly most of the time among other particulars such as automatically 
keeping a distance from other bicycles or pedestrians, or turning to the correct direction at 
each crossing. In this way, practitioners are finally able to cope with intensive and complex 
activities relying on their routinized performances. So far in this subsection, we have 
examined why established routines are crucial to professional practitioners in their front-
stage practice. It is thereby suggested that supportive technologies designed for them should 
be compatible with their established routines, so that the technologies can be used 
effortlessly along with their existing routine tasks, without interfering the tacit flow of their 
front-stage practice.  
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2.2.2 Repertoires of Actions 

Routines do not only benefit practitioners in repetitive situations but also provide them a 
ready set of actions or know-how that they can choose from or modify in response to 
varying practical situations (Schön, 1983). Therefore, routines also determine practitioners’ 
capability of improvisation with the uncertainty in their practice context (Balachandra et al., 
2005; Moorman & Miner, 1998).  When a meaningful chunk of behaviors has been 
integrated into a practitioner’s routines, it could become part of his/her repertoire to address 
certain practical situations spontaneously. Practitioners’ repertoire can involve tools, bodily 
skills, or concepts, which are used to cope with different practical situations (Wenger, 
1998). Repertoire enables practitioners to select, modify, or combine actions to efficiently 
handle both routine and non-routines practical situations at hand. Therefore, although 
practitioners’ repertoires are based on their established routines, they can be relied on by 
practitioners to improvise with the practice context. In this subsection, we examine 
professional practitioners’ repertoire of action regarding using tools and physical 
surroundings in their task flows, in order to shed light on how tools and physical 
surroundings are relied on as part of practitioners’ repertoires of actions, and how 
technologies may also enrich their repertoire of action.   

The concept of repertoire of action could also be explained by earlier mentioned cognitive 
theories regarding habituation or skill acquisition. Specifically, each piece of a 
practitioner’s repertoire could be seen as a sequence of behaviors that are “chunked 
together and activated as a unit (Wood & Rünger, 2016)”. According to Wood and Rünger, 
such units are spontaneously activated either by goals or by “context cues” including 
“aspects of physical environments, other people, and preceding actions in a sequence”. For 
this reason, practitioners could spontaneously utilize their repertoires to react to different 
social or material situations in their intensive practice, without having to focally think about 
everything before taking actions. Additionally, according to related theories on skill 
acquisition (Dayan & Cohen, 2011), although many task performances can be routinized as 
a unit in our skill repertoire, some tasks take more time and effort to be acquired than 
others. To put it simply, tasks require lower speed-accuracy, or contain fewer sensorimotor 
components, demand less time and effort to acquire (Dayan & Cohen, 2011). For example, 
acquiring how to play a musical piece on piano takes months, but acquiring a short key-
press sequence  in  a  cognitive  experiment  takes  only  minutes  (Dayan & Cohen, 2011).  
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While above addressed theories help us understand practitioners’ repertoire of action from a 
cognitive perspective, the rest of this subsection will adopt an ecological perspective to 
examine how practitioners’ use of tools (or materials or artefacts) and physical 
surroundings can be part of their repertoire of action that they can tacitly rely on to resolve 
practitioner situations. 

2.2.2.1 Repertoires of using tools and physical surroundings 

Professional practitioners’ repertoires often involve interactions with tools or environment 
in their practice context. A lot of skillful practice can be embodied between the 
practitioners and their surrounding materials (Patel, 2008). For example, while cooking in a 
familiar kitchen, a cook can fluently rely on his/her repertoire of action, techniques, or 
skills. This repertoire is enabled and shaped by the particular tools, artefacts, or materials 
(and their local arrangement) in that kitchen (see Figure 2-3). In this sense, practitioners’ 
tools and environment can be physical carriers of their tacit knowing (Billett, 2001; 
Polanyi, 1962). According to Polanyi (1962), while relying on a tool in our practice, we do 
not pay focal attention to the particular rules and procedures of using the tool but focus on 
the practical goal we use the tool to approach. For instance, when cutting papers with a 
paper-knife, we focus beyond its “impact on our hands” (e.g. how we are holding and 
controlling its handle); instead, we focus on the practical objective we use this tool to 
approach, i.e., how the paper is being cut by the edge of the paper-knife (Polanyi, 1962).  

A similar metaphorical example is given by Heidegger when explaining the notion of 
ready-to-hand (Heidegger, 2005). When proficiently using a hammer, we put our focus on 
how the hammer is interacting with a nail, instead of how our hand is interacting with its 
handle. More complicated examples were observed in field studies on various professions, 
which revealed how professionals such as airport operators (Billett, 2001; Suchman, 
Blomberg, Orr, & Trigg, 1999), Xerox technicians (Orr, 2016), or artisans (Cook & Yanow, 
1993) achieve their workaday practice relying on their tacit knowing about certain artefacts 
in their practice context. As such, the practitioners can use their familiar repertoires of tools 
(or materials or artefacts) without paying focused attention to the particular interactions 
with these tools; therefore, they can better focus on the practical objectives they use the 
tools to approach.  
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Figure 2-3. Kitchen as an example of how tools and environmental factors in a practice context 
can enable and shape a practitioenr's repertoire of action. Photo by Arthaey Angosii 

(https://www.flickr.com/photos/arthaey/2200682049/). 

Besides tools, practitioners can also tacitly rely on their physical environment to ease their 
task performances. Rich examples can be found from a body of research regarding the 
theory of distributed cognition (Hollan, Hutchins, & Kirsh, 2000; Hutchins, 2005). Through 
studying activities in different practice contexts (e.g. super market, 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 certain activities. Specifically, (Kirsh, 1995) reported that in several 
environments (such as in an office environment) practitioners simplify choices by naturally 
hiding/highlighting affordances of things in the surrounding (e.g., covering a thing that is 
not to be used for now), or creating piles arranged in certain spatial orders. For example, 
during cooking, chefs may naturally put different spoons next to different ingredients, or on 
the lids of their respective containers, which facilitates them to differentiate or search for 
these spoons. As observed and generalized by (Hollan et al., 2000), many types of 
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workflow tacitly embody a coupled, inseparable system between practitioners and their 
surroundings: “although most of us are unaware of it, we constantly create external 
scaffolding to simplify our cognitive tasks. (Hollan et al. 2000, p. 192)” In this sense, 
familiar environmental factors are also part of practitioners’ repertoires that they can tacitly 
rely on to handle their practical situations. 

Therefore, professional practitioners’ repertoires of action can involve their tools and 
physical surroundings in the practice context; and professionals can rely on their tools and 
surroundings t to ease their workflows and address routine or non-routine problems. Based 
on the implications of above discussed research, we argue that the design of new interactive 
technologies for supporting professional practitioners should carefully consider their 
existing equipment and environment so that the new technologies will add to instead of 
interfering with their existing repertoires. Furthermore, we believe that by seamlessly 
integrating supportive technologies into practitioners’ routines, the technologies could 
potentially enrich practitioners’ repertoires of action. As a result, in Chapter 4, we will 
present a design exploration which further investigates how supportive technologies can be 
designed to meaningfully enrich practitioners’ repertoires during their intensive front-stage 
routines. 

2.2.3 Reflection-in-Action 

Other than only performing tasks spontaneously and unhesitantly through routinized 
performances, professional practitioners also need to deliberate on unpredictable changes, 
and unique elements occurring in the unfolding situations. The complexity and uncertainty 
in their front-stage occasions demand professionals to selectively switch focus among the 
most critical aspects of their current practice so that they can responsively understand and 
adapt to the varying situations. For instance, many unforeseen events may happen in a 
classroom or a hospital (Brante, 2009; Heng, 2014; Laxmisan et al., 2007; Sabers et al., 
1991), and the needs of students or patients may vary in different occasions. Therefore, a 
teacher or a nurse often has to deliberate on their unique situations at hand to optimize their 
way of responding to these situations. Relying on such reflection-in-action that happens in 
the midst of their front-stage routines, professionals can maintain responsiveness and avoid 
over-routinized performances or rigidity in their practice context (Schön, 1983; Yanow & 
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Tsoukas, 2009). In this subsection, we specifically examine professional practitioners’ 
reflection-in-action. 

The theoretical notion of reflection-in-action was originally proposed by Schön in his work 
on professional practitioners (Schön, 1983). Reflection-in-action refers to the reflection of 
practitioners in the midst of performance to inform the action currently in progress. 
Therefore, it is distinguished from reflection-on-action (Eraut, 1995; Schön, 1983): the type 
of reflection performed out of or away from the action (Eraut, 1995), and intended to impact 
action in future episodes of practice.  Reflection-in-action generally leads to two results: to 
“generates both a new understanding of the phenomena and a change in the situation 
(Schön 1983, p. 68)”. It is normally related to or intended for the action in progress. 
Professionals commonly rely on routinized and spontaneous performance in their workaday 
practice. But ‘over-routinized’ performance may lead to rigidity. Reflection-in-action is 
therefore crucial for promoting professionals’ responsiveness in each (often unique) 
episode of practice. For example, during classroom teaching, a teacher may momentarily 
ask him/herself: “am I explaining things clearly to the students?” or “am I providing 
enough personal interactions with individual students?” Or, in a baseball game, a pitcher 
may deliberate on his/her ongoing performance of pitching, and accordingly modify his/her 
upcoming actions on the spot. Therefore, the content of reflection-in-action concerns the 
ongoing performance and helps practitioners make sense of the situation at hand, or modify 
upcoming actions accordingly (Hatton & Smith, 1995; Schön, 1983).  

Reflection-in-action happens at the moment that “action can still make a difference to the 
situation” (Schön 1983, p. 61). The time-frame for practitioners’ reflection-in-action 
depends on the pace of their practice; during intensive front-stage routines, reflection-in-
action often has limited time-frame (Eraut, 1995; Yanow & Tsoukas, 2009). Due to the 
limited time and attentional resources available during front-stage routines, practitioners’ 
reflection-in-action is conscious but often not very elaborate (Eraut, 1995; Schön, 1983). It 
somewhat relies on their intuitive “feel for” things or tacit knowing (Schön, 1983, 1987). 
Thereby they can assess the situation quickly, avoiding their reflections interrupting the 
flow of practice. Reflection-in-action is also highly context-dependent. It relies on 
practitioners’ practical understanding of their own practice context  (Schön, 1983, 1987). 
Thus different practitioners can give different interpretations of a similar phenomenon 
(Schön, 1983; Yanow & Tsoukas, 2009). 
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To summarize, the front-stage practice of professionals contains both routine and non-
routine situations. Therefore, to cope with uncertainty, unique situation within their 
practice, practitioners also need to carry out reflection-in-action during routine 
performances, in order to stay responsive and avoid over-routinized performances. We 
believe practitioners’ reflection-in-action can be supported by technologies which provide 
meaningful information to enhance their sense-making during the intensive routines. Due to 
the limited time and mental resources in teaching, practitioners’ reflection-in-action cannot 
be highly elaborate (Eraut, 2000) and has to rely on tacit know-how (Schön, 1983). Thus an 
information interface to support reflection-in-action should also aim to be tacitly relied on 
rather than focally attended to by teachers during teaching, in order to avoid interfering 
with their actions or overburdening their mind. As a result, in Chapter 5, we will present a 
design exploration which specifically investigates how technologies can in real time 
meaningfully enhance practitioners’ process of reflection-in-action in their intensive front-
stage routines. 

Concluding, as addressed above in this section, the related works regarding professional 
practitioners’ have explained why and how routinized performances are crucial to their 
front-stage practice. Relying on their routines, professionals are able to cope with their 
intensive and complex activities without being overburdened or experiencing burnout. On 
top of that, the examined theories have also revealed how practitioners utilize tools and 
physical surroundings as their repertoire of action, to proficiently address their practical 
situations. Furthermore, we have also examined how practitioners efficiently make sense of 
their unfolding practice while in the midst of it, through the process of reflection-in-action 
which helps them cope with the dynamic elements and avoid rigidity in front-stage 
routines.  Based on the understandings we have gained in this section, we believe that 
technologies to support practitioners’ front-stage practice should be at least compatible with 
their established routines, so that they will not interfere with practitioners’ existing 
workflows or overburdening their mind. We also believe that blending supportive 
technologies into practitioners’ front-stage routines could meaningfully enrich their 
repertoire and enhance their reflection-in-action, which benefits their improvisation and 
sense-making during intensive, complex routines. Consequently, to better understand how 
we can seamlessly blend supportive technologies into practitioners’ front-stage routines, we 
will examine related work in human-computer interaction to inspire our upcoming design 
explorations. 
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2.3 Supporting Professional Practice through 
Peripheral Interaction 

As suggested by the above examined theories, technology systems should first blend into 
the intensive and complex routines of practitioners in order to support their daily practice. 
In the realm of HCI, there is an emerging body of research encompassing the concept of 
peripheral interaction (Bakker et al., 2015), which specifically focuses on blending 
technology systems into daily routines. In this section, we examine the related theories, 
concepts, and instances of peripheral interaction. By doing so, we explicate why we 
identify peripheral interaction as the foundation within HCI to build our design inquiries 
upon. According to this, we formulate three hypotheses that are to be contextually 
examined in later chapters, in order to gain deeper insights in designing peripheral 
interaction for professional practitioners.  

2.3.1 The Conceptual Development of Peripheral Interaction 

Peripheral interaction is intended to enable some of the human-computer interactions to be 
carried out in the periphery of users’ attention so that certain computer-related tasks can 
potentially become secondary tasks that require minimal attention in everyday routines. 
Weiser (1993) is considered as the originator to propose the idea of leveraging the 
periphery of users’ attention in human-computer interaction.  He first proposed the vision 
of “Ubiquitous Computing” that in the 21st century, computing technologies will be 
ubiquitously present in our daily life (Weiser, 1993). As a result, it is necessary to enable 
seamless integration of these computing artefacts into our daily surrounding, so that they 
could unobtrusively support us and that we will not be overburdened by their ubiquitous 
presence. To this end, Weiser and Brown proposed the notion of “Calm Technology” in 
their renowned paper (Weiser & Brown, 1997). As they defined, calm technology refers to 
“technology that engages both the center and periphery of our attention and in fact moves 
back and forth between the two. (Weiser & Brown 1997, p. 79)” To illustrate their idea, an 
everyday artefact, inner office window, was used as an example. Through the office 
window, we could perceive information in a subtle way: we do not have to pay focused 
attention to it, but we could still be moderately aware of the movement of people, or the 
change of lights in the building which may indicate a social event (such as an upcoming 
meeting). When the event is relevant to us, we may also focally attend to the window to get 
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more detailed information. With this example, they pinpointed that computing technologies 
were mostly designed to be focally attended to during interactions; but it is meaningful as 
well to design technologies that engage us in the periphery of attention since we inherently 
have the capability to use the periphery of attention in daily life. As related to this, Tolmie 
et al. (2002) adopted an ethnographic methodology to gather insights in how ubiquitous 
computing systems can be designed to be calm or “invisible in use” in home environment, 
so that these systems do not always require focal attention from users and can be tacitly 
relied on in daily lives. They proposed the notion of “unremarkable computing” (Tolmie et 
al., 2002) and suggested designers to carefully consider users’ existing actions, artefacts, 
and environmental factors in their daily contexts, in order to seamlessly blend the designed 
systems into users’ routines. 

2.3.1.1 Peripheral information display 

Inspired by the vision of calm technology, many related works have been carried out to 
further explore interaction that can leverage the periphery of attention. Many of these works 
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 displayed 
by ambient media involving multimodality (through light, sound, and movement) in an 
office setting.  Additionally, corresponding to AmbientROOM (Ishii et al., 1998), a great 
number of design cases were developed to explore information display in the periphery of 
attention through various modalities (visual, auditory, haptic, etc.), referred to by various 
terms including peripheral display (Matthews, Rattenbury, & Carter, 2007), ambient 
information system (Pousman & Stasko, 2006), awareness systems (Markopoulos & 
Mackay, 2009), and information decoration (Eggen & Van Mensvoort, 2009).  

As one of the early examples of such an information system, Dangling String, 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, which 
generates 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; each of its three water streams 
respectively represents the current value of the dollar, euro, and yen, unobtrusively 
communicating this information to people who are interested to know it. More prior works 
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in peripheral information display will be introduced and discussed in Chapter 5, in which 
we will also present a design exploration about how peripheral information display could 
support professional practitioners. 

2.3.1.2 Peripheral physical interaction 

Having noticed that most of the design cases inspired by the vision of calm technology 
focused on solely information display, (Bakker et al., 2015; Edge & Blackwell, 2009; 
Olivera, García-Herranz, Haya, & Llinás, 2011) used the term peripheral interaction in 
their design inquiries and suggested that not only information perception but also physical 
interactions (interactions involving bodily movement) with computing technologies can be 
carried out in the periphery of users’ attention (as illustrated in Figure 2-4).  To empirically 
support this proposition, Bakker et al. studied everyday behaviors to reveal and analyze the 
peripheral perceptions (Bakker, van den Hoven, & Eggen, 2011) as well as the peripheral 
(bodily) actions pervasively happened in daily life (Bakker, van den Hoven, & Eggen, 
2012). For example, when we are reading a newspaper, we can easily reach the coffee cup 
and take a sip without interfering with our focus on reading.  Extending the concept of 
peripheral interaction, a series of related design explorations, e.g., by Bakker et al. (2013), 
Edge & Blackwell (2009), Hausen et al. (2013), and Probst (2016), explored various types 
of bodily interactions to be carried out in the periphery of user’s attention. These 
explorations involved interaction styles such as tangible interaction (Bakker et al., 2013; 
Edge & Blackwell, 2009; Hausen et al., 2012), bi-manual interaction (Hausen et al., 2013), 
or embodied interaction (Probst, 2016).  

For instance, Edge & Blackwell (2009) presented a table-top tangible interface to enable 
office workers to quickly input their task progress through manipulating physical tokens 
which do not require focused attention to interact with. Fireflies system presented by 
Bakker et al. (2013), for another example, enable primary school teachers to effortlessly 
and quietly communicate color-coded messages to students through a tangible tool which 
controls a light-object on each student’s desk. More design examples encompassing 
peripheral physical interaction will be introduced and discussed in Chapter 4, in which a 
design exploration on how peripheral physical interaction could support professional 
practitioners will be presented 
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In summary, the concept of peripheral interaction proposes to minimize the attentional 
resources required by some human-computer interactions (including information perception 
or bodily action) to hence more seamlessly blend technologies into daily routines of users. 
This is in accordance with our insights gained from earlier examined studies on 
professional practice. These studies imply that supportive technologies should not occupy 
continuously focused attention so that they can be tacitly relied on in front-stage routines of 
practitioners, without interfering with their ongoing activities or overburdening their mind. 
For this reason, we consider peripheral interaction as the relevant body of research within 
HCI that can inform and inspire our design explorations for supporting routines of 
professional practitioners. To further understand the idea of the periphery of attention, and 
gain insights in how designed technologies may leverage the periphery of attention, in next 
subsection, we will address some related theories from cognitive science explaining the 
cognitive foundation of peripheral interaction.  

2.3.2 The Cognitive Foundations of Peripheral Interaction 

Peripheral interaction is established upon the related cognitive theories regarding the 
mechanism of human attention (Bakker et al., 2015), which in general reveal that the scope 
of our attention is often larger than the focus of our attention (see Figure 2-5). In this 
subsection, we introduce three types of cognitive theories which respectively account for  
three  aspects  of  attention  mechanism: selective attention theories, divided attention 
theories, and multitasking theories. While selective attention theories underlie the meaning 
of designing systems to present information in the periphery of attention, the divided 
attention and multitasking theories account for the cognitive foundation for designing 
physical (bodily) interactions to be carried out in the periphery of attention. By examining 
these theories, we have established our theoretical understandings on how supportive 
technologies could be designed to blend in and contribute to professional practitioners’ 
front-stage routines, by unobtrusively leveraging the periphery of their attention. 

2.3.2.1 Selective attention theories: underlying peripheral information display 

Selective attention theories (e.g. (Deutsch & Deutsch, 1963; Treisman, 1964)) are initially 
based on empirical studies regarding sensorial aspects of attention mechanism, i.e. how we 
process different streams of incoming information (stimuli) from the external world: e.g.,  
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Figure 2-4. There are predominantly two types of peripheral interaction designs: peripheral 
physical interaction and peripheral information display. 

hearing of multiple streams of speech (Cherry, 1953; Moray, 1959). According to these 
theories, our attention is selective so that competing stimuli can be prioritized by intention, 
expectation or relevance. This selective function of attention is often metaphorically seen as 
a “filter” (Treisman, 1964), which enables us to direct our focus and prevents us from being 
overburdened by all the streams of stimuli at once. For instance, we can pick up the 
boarding announcement in a noisy airport environment where multiple streams of speech 
are simultaneously happening around us. According to the related theory (Chun, Golomb, 
& Turk-Browne, 2011), selection is a common function among different forms of attention 
including perceptual modalities like vision or hearing, or even high level cognition (e.g. 
decision-making or memory retrieving).  

However, such selective function does not mean that the unselected stimuli will be totally 
ignored by us. In fact, although they are not focused on by us, the unselected stimuli may 
still be processed by our attention to certain extend (this can be explained by the process of 
late processing (Deutsch & Deutsch, 1963)). This helps us retain some awareness of the 
unselected streams of information in the surrounding so that once they have become 
relevant or urgent, we can easily shift them to the focus of attention (such process is 
explained by the theory of attenuation and priming (Treisman, 1964)). For example, when 
we are focusing on talking with somebody, we can still retain some awareness about a 
conversation between another two persons next to us. Once these two persons speak of our 
names, our focus may quickly shift to their conversation to figure out what they are talking 
about us. To what extent the unselected stimuli can be processed by our attention can be 
predicted using the framework proposed by (Lavie, 2010). Basically, the more demanding 
the current attended target is, the less amount of processing the unselected stimuli will 
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receive. When the target of attention is not extremely demanding, certain excess attentional 
resources can “spill over” (Chun et al., 2011) to simultaneous incoming stimuli.  

Such a selective mechanism of attention underlies the meaning of designing display 
systems to convey information which only requires a limited amount of attention spilled 
over from users’ main focus. As earlier mentioned, this direction has been explored by 
many related works using the terms such as calm technology (Weiser & Brown, 1997), 
ambient information system (Pousman & Stasko, 2006), or peripheral display (Matthews et 
al., 2007). Different from many screen-based information interfaces on a computer or a 
smart phone, the above mentioned type of systems leverages the periphery of attention to 
convey certain (low-res) information without requiring users to focally engage with their 
interfaces. We thereby believe such a paradigm of information display can also be 
meaningfully used to help professional practitioners in their intensive front-stage routines. 
Practitioners often need to switch attention among multiple streams of information in the 
surrounding to make sense of their situation at hand. We believe that if some supportive 
information can be conveyed to them without requiring their focal engagement, the 
information can tacitly enhance their process of sense-making without overburdening their 
attention. As a result, in Chapter 5, we will specifically present a design exploration on how 
information can be presented in the periphery of practitioners’ (teachers) attention to 
unobtrusively support their sense-making during intensive front-stage routines (classroom-
teaching) in daily practice. 

2.3.2.2 Divided attention theories and multitasking theories: underlying peripheral 
physical interaction 

While selective attention theories are often used to account for the sensorial aspects of 
attention, divided attention theories (Kahneman, 1973; Wickens, 2002) are intended to 
provide broader accounts for attentional mechanism in our task performance involving 
cognitive processes, perceptual processes of different modalities (e.g. hearing and vision), 
as well as motor processes (i.e. our physical capabilities of task performance). In general, 
the theories of divided attention commonly suggest that we can divide our attentional 
resources over different tasks at the same time (J. Miller, 1982).  For example, Kahneman’s 
(1973) theory of divided attention indicates that tasks are performed only when related 
mental resources are allocated to them. Therefore, when our limited yet dividable mental 
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resources are allocated to more than one task, these tasks can be carried out in parallel: e.g., 
switching the channel of radio while driving a car, or taking a sip of coffee while reading a 
newspaper. However, as Kahneman’s theory also pinpointed, this capability of dividing our 
attention has its bottleneck. Two types of interferences can be predicted by the theory, 
which hinders our parallel task performance: capacity interference and structural 
interference (Kahneman, 1973). To put it simply, capacity interference refers to the 
situation that tasks to be performed together in total require more mental resources than 
what we can afford (e.g. chatting on a cell phone while driving in a busy and complex 
traffic situation). Structural interference refers to the situation that two or more tasks 
require the same structure such as the same perceptual modality simultaneously (e.g. 
listening to two songs at the same time). When such capability or structural interferences 
occur, the main task is likely to be prioritized for completion, while the secondary task(s) 
may be carried out with diminished attention, suffering depletion, or, even ignored for the 
moment. 

Similarly, theories that specifically focus on multitasking behaviors (Lee & Taatgen, 2002; 
Salvucci & Taatgen, 2008; Salvucci et al., 2009) have also developed a series of theoretical 
models which can explain and predict our capability of allocating attentional resources over 
multiple tasks simultaneously. Furthermore, these multitasking theories are intended to not 
only address the situations that tasks are performed in parallel (called concurrent 
multitasking), but also the situations that tasks are interleaved back and forth (called 
sequential multitasking) in the same period. One of the examples for such a sequential 
multitasking situation can be listening to the teacher’s instructions while every now and 
then taking notes on paper, in which writing down the key points can be seen as the 
secondary task interleaved in the main task of listening to the teacher’s speech. A unified 
multitasking theory developed by Salvucci et al. (2009), for example, provides an account 
to predict how disruptive a secondary task is when inserted in the midst of a primary task. 
Basically, if the secondary task is more intensive, or mentally demanding, the more 
disruptive it is to the primary task, which means the performer needs more time and effort 
to switch back to the primary task (i.e., task resumption) after handling the secondary task. 

As addressed above, both divided attention theories and multitasking theories suggest our 
capability of allocating attentional resources over multiple threads of tasks in the same 
period of time, either concurrently or sequentially. As they suggest, while performing the 
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main task, excess attentional resources may also be allocated to a secondary task, when the 
secondary task requires a limited amount of resources and causes minimal interference with 
or disruption to the main task. These theories provide the cognitive foundation of designing 
physical or bodily human-computer interactions in the periphery of attention as secondary 
tasks of users. As earlier mentioned, an emerging set of design explorations has been 
conducted to explore this direction  (Bakker et al., 2013; Edge & Blackwell, 2009; Hausen 
et al., 2012). Such type of interaction designs enabled users’ physical or bodily interactions 
without requiring them to pay continuously focused attention. Therefore, interactions with 
such interfaces can become a secondary task, performed along with a main task by users. 
We believe that adopting such a paradigm of physical interaction can meaningfully help the 
use of supportive technologies to become secondary tasks of professional practitioners, 
which do not interfere with or paralyze their ongoing main activities. In this way, 
practitioners’’ use of computing technologies can be more seamlessly integrated into their 
routinized practice as part of their repertoire of action. As a result, in Chapter 4, we will 
specifically present a design exploration on how certain computer-related physical tasks can 
be shifted towards the periphery of practitioners’ attention, and therefore enrich 
practitioners’ repertoire in their busy routines. 

2.4 Discussion 

So far in this chapter, we have examined the related literature to establish our 
understandings about the front-stage routines of professional practice. Moreover, we have 
reviewed the theories, concepts, and instances regarding peripheral interaction, and 
explicated how they can be the meaningful point of departure for our design explorations. 
We believe that to seamlessly blend supportive technologies into practitioners’ busy 
routines, and contribute to their practice, the interactions with these technologies should be 
easily  integrated  as  their  secondary  tasks,  which  do  not  hinder  their  main activities or 
paralyze their flow of practice. As a result, in later chapters of this thesis, we will further 
investigate how to utilize peripheral interaction to support professional practitioners 
through design explorations in a real-life context. In this subsection, we explicate how our 
literature research in this chapter underlies the theoretical foundation for our empirical 
studies to be presented in upcoming chapters (i.e., Chapter 3, 4, and 5), which have been 
consistently focused on school teachers. 
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Figure 2-5. The related cognitive theories commonly suggest that our scope of attention can be 
larger than our focus of attention, which provide cognitive foundations for leveraging the 

periphery of users’ attention in human-computer interaction. 

Based on this theoretical examination, we believe that peripheral interaction can 
meaningfully help professional practitioners in their complex and intensive routines. To 
contextually examine this assumption, In Chapter 3, we will present a field study to 
qualitatively understand secondary school teachers’ classroom routines (see Figure 2-6). 
This study is meant to gather vivid contextual data about this specific group of professional 
practitioners and probe opportunities for our later design explorations in this context. 

As introduced in the chapter, peripheral interaction can include both peripheral information 
display as well as peripheral physical (bodily) interaction. Peripheral physical interaction 
could enable certain sensorimotor tasks of interacting with technology systems to become 
secondary tasks which can be performed along with (either concurrently or sequentially) 
other main activities of practitioners. We hypothesize that peripheral physical interaction 
can help practitioners to seamlessly integrate certain operations of supportive devices into 
their repertoire of action, which they can quickly rely on when coping with varying 
practical situations. To concretely examine this hypothesized potential of peripheral 
interaction, in Chapter 4, we will present a design exploration about whether and how 
peripheral physical interaction could enrich teachers’ repertoire of action in classroom 
teaching (see Figure 2-6). 
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The other type of peripheral interaction designs, peripheral information display, 
communicates information to users without requiring their focal engagement with the 
designed information interface. We hypothesize that this can be valuable for 
communicating relevant information to support practitioners’ reflection-in-action during 
their front-stage routines, without overburdening their mind. To concretely examining this 
hypothesized potential of peripheral interaction, in Chapter 5, we will present a design 
exploration to about whether and how teachers’ reflection-in-action during classroom 
teaching can be unobtrusively supported through peripheral information display (as 
illustrated in Figure 2-6).  

Finally, after above mentioned three empirical studies, in Chapter 6, we generalize our 
design explorations, as well as related design cases about hospital nurses, to formulate 
design insights beyond the specific context of teachers, in order to inform future HCI works 
that are to leverage peripheral interaction for supporting professional practitioners.  

2.5 Conclusion 

In this chapter, we examined the related literature on professional practitioners to more 
deeply understand their front-stage routines in workaday practice.  Based on related work 
which revealed the intensive, complex, and dynamic routines of professional practitioners, 
we identified peripheral interaction as the point of departure for our later design 
explorations. Peripheral interaction proposes to design human-computer interaction that can 
be carried out in the periphery of users’ attention so that the users do not have to focally 
engage with the technology interfaces. Such interaction can include both information 
perception from and physical operation of technologies. We thus believe that peripheral 
interaction can be utilized to design supportive technologies that are to be used by 
practitioners in their busy routines, without interfering with their flow of practice. In this 
way, we believe that the designed technologies could tacitly enrich practitioners’ 
repertoires action, and enhance their process of reflection-in-action. Based on our 
theoretical examination in this chapter, we thereby have formulated our interpretation about 
the front-stage routines of professional practitioners, and hypothesized two major potentials 
of peripheral interaction for supporting their routines, which are to be contextually 
examined in our field studies presented in upcoming chapters. 
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Figure 2-6.  Based on the theoretical examination in this chapter, we have formulated our 
interpretation of the front-stage routines of professional practitioners and hypothesized two 

potentials of peripheral interaction for supporting their routines. These insights will be 
contextually examined in three field studies that are to be presented in upcoming chapters 

(Chapter 3, Chapter 4 and Chapter 5).



 

Chapter 3.                               
Understanding Teachers’ Routines to 

Inform Design Exploration∗ 

Abstract: based on the theoretical understandings established in previous chapter, in this 
chapter, we conduct an empirical study which specifically focuses on the classroom 
routines of secondary school teachers, in order to contextualize our understandings about 
professional practice and prepare for our upcoming design explorations in this context. 
School teachers are increasingly expected to have the competence of incorporating digital 
resources in teaching. However, present classroom technologies (e.g. the GUIs of a laptop 
computer or a mobile device) usually require focal attention from teachers while being 
interacted with. This restricts teachers’ use of classroom technologies during their busy 
classroom activities. Peripheral interaction is therefore deemed meaningful in terms of 
supporting this group of professionals. We hence assume that the busy work of teachers 
could afford rich design opportunities for exploring new peripheral supportive systems. To 
examine our assumption and concretize the potential design opportunities, we closely 
investigate teachers’ routines based on the lived experiences of seven Dutch secondary 
school teachers. These teachers were involved in a study using a Contextmapping 
methodology. The results of two qualitative analyses demonstrate (i) an overview of 
teachers’ routine tasks in their classroom-teaching, as well as (ii) rich and vivid contextual 
information about how teachers allocate their attention in their routines and how they 
experience their routines. The findings contextualize our understandings about professional 
routines from the perspective of school teachers, and concretize a set of opportunities for 
designing new technology systems to more seamlessly support this group of professional 
practitioners. 

                                                           
∗ This chapter is based on the following publication: 

An, P., Bakker, S. & Eggen, J.H. (2017). Understanding teachers’ routines to inform classroom technology design. 
Education and Information Technologies, 22(4), 1347-1376. Springer US. 
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3.1 Introduction 

According to our theoretical examination presented in the previous chapter, peripheral 
interaction is deemed meaningful to support professional practitioners in their “front-stage” 
(Eraut, 1995). In this chapter, we conduct an empirical study to further and more closely 
examine their front-stage routines, by focusing on a typical group of professional 
practitioners: school teachers (Eraut, 1995; Hatton & Smith, 1995; Schön, 1983). Their 
front-stage routines take place in classroom-teaching, which is featured by complex, 
intensive and unpredictable practical situations (Brante, 2009; Doyle, 1977). For example, 
during a lesson, a teacher needs to carry out a variety of activities including instructing, 
overseeing and individually supporting 30 or more learners. During these activities, they 
also need to interact with multiple artefacts (e.g., whiteboard, paper documents, text-book, 
and digital teaching resources on the computer) and be present in different locations of the 
classroom. Frequently, a teacher needs to divide attention or switch between doing different 
tasks. For example, a teacher may be reading texts to students while at the same time 
observing if students are paying attention, or a teacher might need to answer a question 
from a student while in the middle of helping another student. Given the limited time and 
attention teachers have, they are not always able to serve all the students equally, e.g., if 
several students raise their hands requiring the teacher’s attention at one moment, the 
teacher has to choose who to help. 

Nonetheless, they are still expected to devote attention to their students as much as 
possible. Due to these scenarios, teachers’ work has been considered increasingly complex 
and intensive (Brante 2009). It is thus suggested that reducing the attentional resources 
required for using classroom technologies could meaningfully relieve the mental load of 
teachers and help them reserve more attentional resources for interacting with students. In 
this sense, classroom teaching is considered by us as a suitable context to explore how 
peripheral interaction could support professionals in their front-stage routines. 

Undoubtedly, computing technologies for classrooms have great potential to support both 
learning and teaching. However, we believe that such technologies can only successfully 
blend in classroom pedagogy when their interaction designs consider and support the 
teachers’ economical and dynamic way of utilizing their attentional resources. As a result, 
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we hypothesize that designing peripheral interaction for this group of professional 
practitioners is meaningful.  

In order to design peripheral interaction for teachers, a thorough understanding of existing 
routines of users (Bakker et al. 2014) is essential. Routines are seen as “the very glue of 
everyday life” (Tolmie et al. 2002, p. 399), since they encompass an enormous amount of 
our everyday artefacts, environmental factors, and activities and put them coherently 
together like one threads beads on a string, thus making our everyday activities 
comprehensively structured. As for professional practitioners, routines are even more 
important: they are the carrier of professionals’ context-dependent skills, know-how, or 
knowledge-in-practice (Billett, 2001; Gourlay, 2006). As we have learnt from Chapter 2, 
established routines enable a practitioner act spontaneously and think intuitively, conferring 
the “benefit of specialization” (Schön, 1983) on his/her clients. Consequently, in this 
chapter, we aim to thoroughly understand the classroom-routines of teachers and gather 
useful contextual input for our upcoming design explorations in this specific professional 
context.   

However, no related work is known to us, which focuses on revealing lived experiences 
about workaday routines of teachers to inform the design and development of interactive 
technology. Hence, with the motivation of contextualizing the routines of teachers from a 
perspective of HCI design, we conduct a qualitative empirical study with 7 Dutch 
secondary school teachers, using the contextmapping methodology (Sleeswijk Visser, 
Stappers, van der Lugt, Sanders, & Sanders, 2005). This study addresses the following 
research questions: 1. What tasks do teachers do as part of their everyday routines? 2. How 
do teachers allocate their attention during their everyday routines? 3. How do teachers 
experience their everyday routines?  

In the following of this chapter, we will first address related research on both classroom 
technologies and teachers’ routines. Subsequently, we will describe how we implement the 
Contextmapping methodology and two Qualitative Content Analyses (Hsieh & Shannon, 
2005) in line with our research purposes. After that, we will report and discuss our findings 
from the two analyses, which are intended to contextualize our understandings about 
teachers' classroom routines. Finally, based on these findings, a set of opportunities will be 
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generalized for designing new classroom technologies to meaningfully support teachers’ 
routines. 

3.2 Related Work 

3.2.1 Classroom Technologies for Teachers 

Technologies are making their way into classrooms. Computing artefacts such as laptops, 
tablet computers, mobile devices, interactive whiteboards, augmented school desks and 
tangible interfaces (Antona et al., 2010; Beauchamp, 2004; Horn & Jacob, 2007; Stanton et 
al., 2001), are being used and developed to facilitate both teaching and learning. 
Technologies can valuably support teachers’ work, e.g. by making the lessons more 
appealing to students, giving access to diverse up-to-date resources, and effecting working 
processes to increase students’ productivity (Ruthven et al., 2004). Along with many 
opportunities, these emerging technologies also bring challenges to teachers’ work. More 
human-computer interfaces can mean even more tasks to perform, and more objects to 
attend to. Supporting technologies often unintentionally bring a new complexity to 
teachers’ work (Cuban et al., 2001), which makes it challenging for teachers to successfully 
adopt such technologies as part of their existing busy everyday routines. Although schools, 
in developed countries, are normally well equipped with ICT infrastructure, computers still 
remain relatively infrequently used for educational purposes (Urhahne et al., 2010). The 
reality of “high access and low use of technology in schools” (Cuban et al., 2001) reveals a 
gap between present technology and teachers’ work in the classroom. This gap is partly 
caused by restricted and inconvenient access to the technologies and partially by the time 
pressure experienced by teachers (Becker, 2000; Cuban et al., 2001). In other words, those 
technologies do not seem to fit well into teachers’ busy front-stage routines because of the 
effort and time required to use them. It is therefore deemed important to take the context 
and routines of teachers into account in order to design successful classroom technologies 
to facilitate teachers’ practice. However, at the intersection of education and HCI, much 
research has focused on learner side, design explorations on supporting the classroom 
routines of teachers are underrepresented. Through the study presented in this Chapter, we 
intend to surface the importance of taking teachers’ classroom routines into consideration 
when designing classroom technologies. Moreover, we aim to provide contextual 
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information and design opportunities for future design practice aimed at supporting 
teachers’ routines. 

3.2.2 Teachers’ Routines 

A number of related studies on teachers’ routines are known in the area of Computer-
Supported Collaborative learning (CSCL). Greiffenhagen (2011), for example, analyzed 
teachers’ work during collaborative learning activities to find out how teachers intervene in 
pupils’ learning. Prieto et al. (2015) presented a study on teachers’ ‘orchestration load’ (the 
mental load required to facilitate CSCL activities in daily work) using mobile eye-tracking 
technology in both a lab and a field setting, finding that the increased load for teachers to 
facilitate and monitor CSCL activities can be challenging for CSCL practice.  

Other related studies on teachers’ routines are known in the areas of educational science 
and sociology. Some studies investigate teachers’ routines out of class. For example, 
Yinger (2009) has studied teachers’ routines in ‘preactive teaching’, which takes place 
before or after class when the teacher is alone. Aili and Brante (2007) presented a study on 
teachers’ non-classroom (tuition-free) work to see how teachers employ their professional 
knowledge in studied situations. Other studies have explored teachers’ activities during 
lessons. For example, Doyle (1977) presented results of an ecological analysis about 
activities in a classroom environment, which indicated that teachers have to face 
multidimensionality, simultaneity, and unpredictability in the classroom and in turn develop 
strategies to reduce the complexity of their work. Golombek (1998) studied how the 
personal, practical knowledge of teachers informed their practice in classrooms using class 
observations, interviews and stimulus recall reports. In another study, Brante (2009) 
gathered data of teachers’ multitasking behaviors to investigate teachers’ busy work 
conditions and suggested to have fewer pupils per class and encourage teachers to talk 
about how to improve the situation in the local school.  

The mentioned studies in the area of CSCL revealed interesting aspects of teacher routines 
in CSCL activities. Whereas they focus on the application of technologies in CSCL 
settings, the study presented in this chapter aims to investigate mainstream secondary 
school classrooms where various types of teaching and learning activities take place. While 
being setup from an educational or sociological perspective, the other related studies we 
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discussed above have also provided insights into our work. Specifically, they delineated 
some attributes of teachers’ routines, such as simultaneity (highlighting that multiple 
activities need to be done at the same moment) (Doyle, 1977), complexity, intensity, and 
multitasking (Brante, 2009). These factors - describing teacher’s routines as being rather 
busy and complex - indicate that designing classroom technologies, which avoid imposing a 
high attentional burden on teachers, seems meaningful. Therefore, inspired by these related 
studies, the study presented in this chapter further investigates this context from an HCI 
design perspective using Contextmapping methodology (Sleeswijk Visser et al., 2005). By 
doing so, we aim to contribute vivid contextual information about classroom routines of 
secondary school teachers, as well as actionable design opportunities which can be applied 
by classroom technology designers and design-researchers, who aim to embed their designs 
into teachers’ routines seamlessly. 

3.3 Methodology 

3.3.1 Contextmapping Methodology 

The purpose of the study presented in this chapter is to gain a rich contextual understanding 
of teachers’ everyday routines in order to inform the design of classroom technologies 
which are to become a part of these routines. We conducted the study, using the 
methodology of Contextmapping (Sleeswijk Visser et al., 2005). This method is developed 
to extract the experience and ‘latent needs’ of users to inspire or improve product design 
but has also been used by researchers to study people’s hidden experiences or subconscious 
behaviors (Bakker et al., 2011; Offermans, van Essen, & Eggen, 2014). Contextmapping 
consists of two phases: the sensitization phase and the group session phase. In the 
sensitization phase, participants individually perform exercises in their home or work 
environment over the course of a few days, to prepare or ‘sensitize’ them for the topic of 
the study. In the group session phase, participants take part in group discussions and 
participatory activities to reflect on and express their thoughts, feeling, and experiences 
regarding the topic of the study, often through the making of artefacts or collages 
(Sleeswijk Visser et al., 2005). 
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Everyday routines are often ‘unremarkable’ (Tolmie et al., 2002); they have been repeated 
so many times in daily life that people are usually not aware of the details of their daily 
routines. For example, we can easily remember what dinner we prepared yesterday, but we 
may find it difficult to recall in detail how we attended to and interacted with the objects 
around us in our kitchen. Similarly, if asked about their everyday routines, teachers likely 
easily remember the content of lessons, but it may not be easy for them to explain the 
details of how they divide or switch their attention to accomplish different tasks in their 
lessons. We thereby decided to use the method contextmapping, which enables participants 
to be sensitized towards their routine experiences that normally go unnoticed before we ask 
them about these experiences in a group discussion, as also applied in (Bakker et al., 2011). 
Additionally, the contextmapping method enabled us to gather insights and inspiration for 
the design of classroom technologies through creative participatory techniques used in the 
group session. 

3.3.2 Participants 

For this study, we recruited seven secondary school teachers in the Netherlands as 
participants. As Table 3-1 shows, at the moment of the study, P1, P2, and P7 were working 
in the same school (school S1), while P4, P5, and P6 were each employed at a different 
school (schools S2, S3, and S4, respectively). P3 recently graduated as a teacher and was at 
the moment of the study pursuing a graduate degree. This number of participants is within 
the range of recommended numbers of participants for contextmapping studies (Sleeswijk 
Visser et al., 2005) and was expected to allow for in-depth exploration of an individual’s 
routines. To increase the reliability of this qualitative research, we chose to recruit a 
varying group of teachers which was diverse in gender, age, teaching experience, and 
teaching subjects as also shown in Table 3-1. We believe by doing this, the gathered data 
could cover a wide range of classroom routines of secondary school teachers. 

3.3.3 Study Design 

Following the contextmapping method, our study consisted of a sensitizing phase and a 
group session phase. We decided to use two different approaches to sensitizing: a 
stimulated recall interview and an exercise booklet. 
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3.3.3.1 Sensitization phase 1: stimulated recall interview 

In the first part of the sensitizing phase, we chose to use a stimulated recall interview (SRI), 
an interview technique in which a video of a participant’s behavior in a real-life setting is 
recorded, after which the participant is interviewed while playing back the recording 
(Dempsey, 2010). Our reason for using the SRI technique is twofold. First, as mentioned 
before, people are usually not consciously aware of their routine behaviors in everyday life. 
By looking at and reflecting on the recording, each participant likely becomes more aware 
of his or her routines, sensitizing them for the group session. Second, the recordings and 
particularly participants’ reflections on these recordings can give us a rich understanding of 
not only which tasks are part of teachers’ everyday routines, but also what they are 
attending to, what they are thinking about, and what the meanings of their actions are. 

While some of the participants taught more than one subject at the moment of the study, 
only one class among the subjects was recorded for the stimulated recall interview (see 
table 3-2). Before each stimulated recall interview, one 50-minute lesson of each 
participant was recorded on video. A digital camera was placed in the back of the 
classroom. Additionally, a researcher was sitting at the back of the classroom to silently 
observe the participant and take notes of moments that might be selected as video clips to 
play back in the interview. For the recorded music lesson of Participant P1, the observer 
had to take the camera and follow the teacher sometimes, since the teacher had to change 
her positions among the main classroom, and several rehearsal rooms every now and then 
to help students while teaching. Participant P3 did not participate in the stimulated recall 
interview because he was not  employed as a teacher at the  moment of the study. For 
participants P6, only 30 minutes of the lesson could be recorded due to a sudden change in 
the teacher’s schedule. 

Interviews were conducted in English. Each interview was conducted as soon as possible 
after the recorded lesson so that the participant had fresh memories about the lesson. In 
each case, the interval between the lesson and the interview was less than one and a half 
hours. In between the lesson and the interview, the researcher watched the video and 
selected five to seven clips to be played in the interview. Each video clip lasted one to three 
minutes. The video clips were selected to cover different class activities (e.g. moments in 
which the teacher provided whole-class instructions or lectures, moments in which he or  
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Table 3-1. The teacher participants. 

Participant Gender Age 
Teaching 

experience 
(years) 

Subject(s) taught by the 
participant 

School 

P1 F 61 15 Music S1 

P2 F 61 >30 English S1 

P3 M 24 1 Physics -none- 

P4 M 35 10 
Mathematics, Computer 

Science 
S2 

P5 F 46 9 Chemistry, Physics, Science S3 

P6 M 34 6 
Information science, Applied 

Engineering 
S4 

P7 F 36 12 Spanish S1 

 

she facilitated students’ working, fragments in which the teacher walked around the 
classroom, and footage of participants interacting with the interactive whiteboard or 
computers) as well as different time periods of the lesson. This way, the interviews would 
cover a comprehensive overview of the teachers’ routines.  

In each stimulated recall interview, the selected video clips were played to the participant in 
chronological order. While watching each video clip, the participant was asked to explain 
what was happening in the video, using questions such as: “What are you doing now?” 
“What is in your mind right now?” “Where do you put your attention?” “What do you see?” 
and “What do you hear?”. Depending on the speed of speaking of the participants, the 
researcher would, at moments, pause or replay parts of a clip. Each interview lasted around 
30 minutes. The interviews were audio-recorded for analysis. 

3.3.3.2 Sensitization phase 2: exercise booklet 

After the stimulated recall interview, each participant was given a sensitizing booklet 
(shown in Figure 3-1) with four exercises. They were asked to perform each exercise on a 
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separate day whenever it suited them (either at school or at home). Each exercise was 
designed to take less than 20 minutes. It took one to two weeks for each participant to 
complete the booklet before it was handed back to the researchers. Texts on the booklets 
were in both English and Dutch; the participants could choose either language to fill in the 
booklets.  

The aim of using a sensitizing booklet is similar to that of using the SRI technique, which is 
to sensitize participants about their unremarkable routine behaviors that they are normally 
not consciously aware of so that in the group sessions they can more insightfully discuss the 
tacit knowledge (Sleeswijk Visser et al., 2005) that they act upon in their daily routines. 
Different from the SRI technique, sensitizing booklets trigger participants to reflect on their 
behaviors with less intrusion (participants keep and complete the booklets by themselves) 
and more freedom (participants can choose suitable places and time to finish the exercises) 
during longer periods of time (one to two weeks in our case) before the group sessions.  

In line with the contextmapping method, the four exercises were designed to help 
participants to gradually reflect on easy aspects (daily activities and daily objects) to more 
difficult ones (teachers’ multitasking behaviors and their experiences on them). In the first 
exercise, the teachers were triggered to reflect on their conventional class activities, by 
listing a chronological overview of their activities during one typical lesson along a 
timeline printed  on one page  of the  booklet. They were also asked to mark locations of 
their activities and draw curves indicating their footprints of doing those activities on a 
layout map of their classrooms. In the second exercise, the teachers were encouraged to 
think about various everyday tools (e.g., mark pen, whiteboard, laptop computer, or mobile 
phone) they use in their classrooms, by describing the usage of each tool. A layout map was 
also provided for participants to indicate the locations of using those tools. In the third 
exercise, teachers were asked to reflect on moments at which they did more than one thing 
at the same time (multitasking), by describing examples from their own experience. The 
final exercise asked teachers to think about their effortful and effortless situations when 
doing tasks in their classrooms. The booklets were collected from the participants before 
the sessions. Answers filled by the teachers was used in the preparation of these sessions. 
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Figure 3-1. Exercise booklets used for sensitization. 

3.3.3.3 Group session 

After the sensitization phase, each participant joined a group session. Three such sessions 
were conducted, each in English, and each with two participants (see Figure 3-2). One 
teacher (P7) could not participate in a group session due to unforeseen circumstances. The 
interval between the recall interview and the group session for each participant was 1 to 3 
weeks. Two group sessions were conducted in a meeting room at the university and one 
session was held in a classroom of a secondary school where the two participants worked. 
Snacks and drinks were offered to the participants to create a relaxing trustful atmosphere. 

Each session lasted for about one and a half hour, and mainly contained three parts: a group 
discussion and two collage making activities. The sessions were recorded on video for later 
analysis, and were scheduled as follows: 

Introduction (5 min): To start the session, the researcher gave a brief introduction about 
the group session, and let the two participants introduce themselves to each other. 
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Figure 3-2. A group session with two participating teachers. 

Group discussion (30 min): The exercise booklets from the sensitizing phase were given 
back to each participant, after which a group discussion started. The discussion consisted of 
four parts, corresponding to four exercises in the booklet. First, participants were asked to 
look at their lists of class activities in the first exercise of their booklets, and reflect on what 
their busiest moments are in their lessons. Second, based on the tools they listed in the 
second exercise in their booklets, participants were asked to discuss how they use these 
tools in their lessons. Third, participants were asked to share and discuss examples of 
multitasking behaviors. And fourth, participants were asked to talk and reflect on situations 
in their routines they find difficult or effortless. 

Break (10 min) 

Collage making: experience teaching (25 min): After a break, the first collage making 
exercise was introduced. We chose to have two collage making activities because collages 
are a low-threshold means of expressing (latent) thoughts and experiences for people who 
are not experienced in the fields of creativity and design (Sleeswijk Visser et al., 2005). In 
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this collage, each participant was given a set of sheets on which 150 words and 200 pictures 
were printed. They were asked to use these words and pictures to make a collage that 
expresses their thoughts, feelings, and experiences regarding their everyday routines in the 
classroom (see Figure 3-3). They were given 15 minutes to make the collage and 5 minutes 
for each to explain their collage to the group. 

Break (5 min) 

Collage Making: robot fantasy (25 min): After a short break, the second collage making 
activity started. Each participant was given a set of sheets depicting images of robot parts 
and of different kinds of daily objects, which teachers may use in daily work (such as 
electronic devices and stationery equipment). The participants were asked to use these 
images to design a robot that could help them in their daily routines in the classrooms, by 
cutting out and sticking together these images on an empty sheet (see Figure 3-4) in 15 
minutes. After creating their robot, each participant was  asked  to  explain  how  his  or  her  

.  

Figure 3-3. Collages made by the participanting teachers in the first collage making activities of 
the group sessions: experience teaching.  
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robot would help him or her in 5 minutes. The purpose of this collage making activity is to 
help teachers in exploring their latent needs for classroom technologies, which can provide 
insight into the experience of their everyday routines. Additionally, we included this 
exercise to serve as inspiration for the upcoming design phase. And all the designerly 
artefacts (collages) made by the participating teachers tacitly served as inspirational 
materials for us in our design practice. 

3.3.4 Data Analysis 

3.3.4.1 Analysis Approach 

The aim of the study described in this chapter is to help designers and developers of 
classroom   technologies   gain   contextual   and   vivid   understanding   about  routines  of 
secondary school teachers into which the technologies are supposed to be blended.  

 

Figure 3-4. Collages made by the participating teachers in the second collage making activities 
of the group sessions: robot fantasy.  
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According to our research interest, what we want to extract from the data is an overview of 
teachers’ mundane tasks in the classroom and lived experiences and vivid images about 
how they allocate their attention while fulfilling the tasks, as well as how they experience 
their routines. The study yielded various types of qualitative data (including videos, audio 
records, filled in exercise booklets, and collages). Contextmapping commonly leads to 
“rich, lively and varied”, but “a complex set” and “not readily structured” data (Visser et al. 
2005, p. 133). In order to gain structured insights from our study, we analyzed the data 
gathered using qualitative content analysis (Hsieh & Shannon, 2005).  This  approach helps  
to gain knowledge and understanding of the phenomenon being studied through semantic  
classification of the quotes selected from verbal data to identify themes or patterns of the 
data from a naturalistic paradigm (Hsieh & Shannon, 2005). To enable analysis, we 
transcribed all audio and video data from stimulated recall interviews and group sessions 
verbatim. 

3.3.4.2 Analysis process 

Our study means to answer the following research questions: 1. What tasks do teachers do 
as part of their everyday routines? 2. How do teachers allocate their attention during their 
everyday routines? 3. How do teachers experience their everyday routines? To answer these 
questions, we conducted two qualitative content analyses on the data gathered in our 
contextmapping study. The first analysis, which we will refer to as the routine tasks 
analysis, aimed to answer research question 1. For this routine tasks analysis, we analyzed 
the transcripts of the stimulated recall interviews in which teachers reported and reflected 
on their behaviors while looking at a video recorded in their classroom. The second 
analysis, which we will refer to as the routine experience analysis, aims to answer research 
questions 2 and 3. For this analysis, we analyzed the transcripts of both the stimulated recall 
interviews and group sessions. 

Selecting quotes 

Following the qualitative content analysis approach, we selected quotes from the transcripts 
related to our research questions. While selecting, we also labeled the quotes based on their 
content, to get an initial overview of possible categorizations of quotes.For the routine task 
analysis, we selected quotes from the SRI transcripts that mention a task of a teacher. A 
task can include bodily movements, such as writing on the whiteboard, a perceptual action, 
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Table 3-2. The teachers’ participation in the research. 

Teacher 
Subject of lesson 
recorded for SRI 

Participation 

Stimulated Recall 
Interview 

Exercise 
Booklet 

Group Session 

P1 Music √ √ √ 

P2 
English Language 

Literature 
√ √ √ 

P3 -none-  √ √ 

P4 Mathematics √ √ √ 

P5 Chemistry √ √ √ 

P6 Information science √ √ √ 

P7 Spanish √ √  

 

 such as looking around the classroom, or a mental activity, such as thinking about a 
teaching plan for this class. We aimed to select quotes that were mutually exclusive: if the 
same task happening in the same period of time was mentioned twice, then only one 
mention of this task was selected as a quote. As a result of this process, 183 quotes were 
selected for the routine task analysis. 

Quotes for the routine experience analysis mean to offer contextual information about how 
teachers utilize their attentional resources, and how they think about and experience their 
tasks. Therefore, in this analysis, based on our research questions 2 and 3, we generally 
selected two kinds of quotes: 1. Quotes about how teachers’ attention is allocated, such as 
how teachers perform multitasking, how teachers attend to mental tasks (e.g. reflecting on 
goals, making decisions), how teachers respond to interruptions. 2. Quotes about teachers’ 
thoughts about and experiences of their routines, such as what the busiest moments in their 
lessons are and what situations are difficult or effortless to them. Based on these questions, 
we select quotes and built an initial set of categories. Each quote in this analysis is usually 
longer than a quote for the routine task analysis so that some contextual meaning can be 
kept for coders. 137 quotes were selected for routine experience analysis from the data. 
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Collaborative coding 

After selecting the quotes from the transcripts, we set up two collaborative coding sessions. 
In order to guarantee the reliability of the coding results, two coders were involved in these 
sessions: the first author (the first coder) and a researcher (the second coder) who is familiar 
with qualitative content analysis but not familiar with the research topic of this study. At 
the start of the sessions, this second coder was informed of the setup, goals and research 
questions of the study. 

The two analyses were conducted in separate coding sessions, each of which used an 
identical process: 

(1) The quotes (183 in routine task analysis and 137 in routine experience analysis) were 
divided equally over the two coders. The selection for each coder included quotes from 
different interviews or group sessions (quotes for routine task analysis did not cover group 
sessions) and from different participants. 

(2) Each coder read his/her quotes to get first impressions of their content. Following, each 
coder individually created an initial categorization for their set of quotes. 

(3) Subsequently, the two coders presented their initial coding results to each other and 
discussed these to come to a shared categorization of quotes. As a result of these 
discussions, they reached an agreement on a combined set of categories. 

3.4 Findings of the Analyses 

Through the routine task analysis, a categorization of quotes from SRIs emerged in which 
teachers’ mundane tasks were classified into five main categories, showing us an overview 
of what tasks teachers do as part of their everyday routines (research question 1). An 
emerged categorization of quotes selected from both SRIs and group sessions for routine 
experience analysis revealed rich and vivid contextual information encompassing how 
teachers allocate their attention during their everyday routines (research question 2), and 
how teachers experience their everyday routines (research question 3). In this section, the 
results of the two analyses will separately be presented and discussed. 
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3.4.1 Routine Tasks Analysis 

The purpose of this analysis is to gain an overview of teachers’ everyday tasks and an 
impression of teachers’ classroom routines before we discuss how they allocate their 
attention into their tasks and how they experience their routines (which are addressed in the 
upcoming routine experience analysis). Resulting from the process of collaborative coding 
of 183 quotes, which described teachers’ tasks reported in Stimulated Recall Interviews, 
five main categories of teachers’ routine tasks emerged (see Table 3-3 for detailed 
information and exemplar quotes of each category). Since the large majority of tasks 
involved communication between students and teachers, the categorization also describes 
different ways of information flow between teacher and students, presented in Table 3-3 
and Figure 3-5. 

The categories sensing, dialoguing, and imparting make up the majority of tasks found in 
the routine task analysis (131 out of 183 quotes). These categories describe communicative 
tasks, most of which reflect the nature of pedagogical activity: the communication between 
teacher and students. The quotes in these three categories reveal that this communication 
happens at multiple levels (see Figure 3-6). Tasks belonging to categories of sensing and 
imparting are mostly focused on communicating with students at class-level, or large-
group-level. For example, when the teacher is explaining new knowledge to students 
(imparting), he or she usually treats the group as a whole. The teacher may try to assess an 
overall student reaction (sensing) and adjust his or her way of explaining accordingly, 
rather than putting attention on particular students too much. On the other hand, when 
performing tasks belonging to the category dialoguing, for example when helping a student 
or a small group of students, the teacher communicates with students in an individual-level 
or small-group-level.  

In a real-life classroom situation, tasks of sensing, dialoguing and imparting do not have 
clear boundaries between each other. And the communication levels of them are not 
absolute. They intertwine to each other to compose pedagogical activities. For example, 
when lecturing to students (Imparting), a teacher may also ask a question to an individual  
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student and  give  him  or  her  feedback  (dialoguing). Or when a teacher is helping a small  
group of students (dialoguing), he or she may also try to listen to other students to keep an 
overview of what students are doing (sensing). 

In this analysis, teachers’ daily tasks in classrooms were classified into five categories 
(sensing, imparting, dialoguing, reflecting, and others), which gives us an overview on 
what tasks teachers do as part of their everyday routines. The results also have shown that 
the majority of teachers’ routine tasks (sensing, imparting, and dialoguing) involves 
multilevel communication between the teacher and the students. 

3.4.2 Routine Experience Analysis 

For the routine experience analysis - analysis of how teachers allocate their attention while 
working and how they experience their everyday routines - we selected quotes from both 
the stimulated recall interviews and group sessions. Most of the 137 selected quotes for this 
analysis are longer than quotes selected for the routine task analysis in order to preserve 
their contextual meaning for coders. As a result, some of these quotes provide multi-facet 
insights. In this analysis, we thereby placed some of the quotes into more than one theme or 
category. The analysis resulted in two main themes of quotes, corresponding to two of our 
research questions: 2. How do teachers allocate their attention during their everyday 
routines? 3. How do teachers experience their everyday routines? In each theme, there are 
several dominant categories revealing contextual information of different aspects of 
teachers’ routines, and we will introduce and discuss these categories here one by one. The 
quotes not belonging to any of these categories have been sorted into categories called 
others (4 quotes in the theme 1 and 8 quotes in the theme 2) in both themes, which are not 
going to be discussed. See Table 3-4 for a detailed overview of the categorization. 

3.4.2.1 Theme 1: How do teachers allocate their attention during their everyday 
routines? 

Quotes in the first theme provide insights into how teachers allocate attention while 
working. As shown in Table 3-4, three dominant categories emerged from the analysis: 
multitasking, interruptions, and reflective tasks.  
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Table 3-3. Categorization of teacher’s routine tasks that emerged from the routine task 
analysis, description, exemplars and the number of quotes in each category, the categories also 

reflect how information flows between students and the teacher. 

Routine 
task 
category 

Information 
flow between 

students and the 
teacher 

Description of category  Exemplar quotes  

 

Sensing 

(39 quotes) 

 

teacher  
students 

 

Tasks in which teachers observe 
or listen to the students to keep 
awareness of things such as 
what the students are doing, 
what their emotional or 
attentional state is, or whether 
they understand the content 
being taught. 

 

 

 

“I’m trying to find out 
what they are doing.” (P1) 

 

“I’m trying to listen to 
their communications” 
(P5) 

 

“I do occasionally just 
sweep around the 
classroom to see if my 
attention is needed.” (P6) 

 

Imparting 

(50 quotes) 

 

teacher  
students 

 

Tasks in which teachers give 
information (e.g., explanation, 
instruction, or demonstration) to 
students (usually the whole 
class or groups of students) 
directly or through artefacts 
(e.g., a projector, smartboard, or 
white board). 

 

  

“I’m giving them 
instructions for something 
I want them to do 
actively.” (P2) 

 

“I try to be a role model 
for them to follow…” (P4) 

 

“I’m explaining what they 
are expected to do and 
how they are going to do 
it…” (P7) 
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Dialoguing 

(42 quotes) 

 

teacher  
students 

Tasks in which teachers and 
students (individually or in 
small groups) communicate 
mutually, such as when the 
teacher is facilitating students’ 
work, giving feedback, asking 
and answering questions or 
moderating an open discussion. 

“We’re discussing what 
they are doing…” (P1) 

“I’m helping students over 
there who got stuck just a 
small bit of the exercise” 
(P6) 

“I have a little chat with 
some pupils.” (P4) 

 

Reflecting 

(15 quotes) 

 

teacher Ѻ 

Teachers’ mental tasks, such as 
reflecting on goals and plans or 
decision-making. 

 

“I’m thinking, ‘Are these 
students engaged? Are 
they actually enjoying 
what they are doing? Is 
this fun? ’” (P2) 

“I notice the time, and I 
have a plan in my mind.” 
(P6) 

“I was trying to think, 
‘How much time do they 
have? Is it realistic? Can 
we do it? ’” (P7) 

 

Others 

(37 quotes) 

 

-- 

 

Tasks, which do not belong to 
any of the above categories, 
such as dealing with the system 
failure of a laptop computer, or 
grab materials for students. 

 

“This also gives me some 
time to process some 
emails that are coming in.” 
(P4) 

“I’m wiping the board.” 
(P4) 

“I got to the computer 
again… Now I reset it…” 
(P7) 
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Figure 3-5. An overview of the categorization of teachers’ daily tasks emerged in routine task 
analysis. The arrows indicate the information flow between students and the teacher. 

Category 1: Multitasking 

---“While you’re doing a lesson, you’re constantly trying to perceive…” (P4 in the 
group session) 

25 quotes describing situations in which teachers do more than one tasks at the same time 
are sorted into this category. While analyzing these quotes, we found that 18 of them 
describe an example in which a task is performed together with a sensing task such as 
listening to or observing students. We call them ‘X + Sensing tasks’ (see Table 3-4). For 
example, one of our participants reported that when reading texts to students, “I suppose 
half of my brain is on the words I’m reading […], and half of me is checking if they are 
following” (P2 in the SRI). In another example, a teacher said, “when I am writing on the 
board, I try to listen to what they (students) are saying” (P5 in the group session). We 
already found in routine task analysis that sensing students is a large classification among 
all the teacher tasks (see Table 3-3), and here it is shown that sensing is the most common 
side task of teachers’ multitasking behaviors in their routines.  
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Figure 3-6. Multiple levels of teachers’ communicative tasks with students. 

As shown in Table 3-4, among the 18 quotes of X + Sensing tasks, 7 quotes mention that 
teachers sense students by listening, 6 mention that teachers sense students by visual 
observation, and 5 quotes do not have clear information about how the teacher senses 
students. It may indicate that auditory perception is as a common way as visual perception 
for teachers to sense students when they are performing multitasking, especially when their 
visual perception is needed to perform the other task, for example, writing on the board, 
looking at the screen, or talking to other students. This is in accordance with results of 
related research, which found that awareness of peripheral information is mostly gained 
through auditory  perception  in  everyday  life  (Bakker et al., 2011).  The Quotes in the 
sub-category X + Sensing tasks furthermore reveal various purposes of sensing students 
while teaching. For example, when a teacher is giving a lecture or demonstration to 
students, he or she may want to know if students  are  paying  attention,  if  they  
understandwhat he or she is talking about, or if what has been written on the board is clear 
enough for students to read. When a teacher is using a computer, he or she may 
occasionally ‘sweep around the classroom’ (P6 in the group session) to see if students are 
doing their work or if there is any student who needs help. Even if a teacher is helping 
individual students, he or she may listen to other students nearby, “trying to sense what the 
other students are doing” (P6 in the group session), or “if they possibly have the same 
problems” (P5 in the group session). And sometimes, a teacher allocates his or her attention  
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Table 3-4. categorization emerged from routine experience analysis and number of quotes for 
each (sub- / further sub-) category. 

Category Sub-category                                      Further sub-category 

Theme 1: How do teachers allocate their attention during their everyday routines? 

 

Multitasking 
(25) 

X + Sensing tasks (18) 

Sensing by hearing (7) 

Sensing by watching (6) 

Unclear (5) 

Other multitasking situations (7)  

 

Interruptions 
(23) 

External interruptions (18) 
Direct interrupting events (9) 

Indirect interrupting events (9) 

Self-interruptions (5)  

 

Reflective 
Tasks (27) 

Multiple (sub-) goals (17) 
Long-term goals (3) 

Short-term goals (14) 

Adjusting plans (10)  

Others (4)   

Theme 2: How do teachers experience their everyday routines? 

 

Busiest 
Moments 
(21) 

Beginnings and transitions (18) 
Beginnings of lessons (12) 

Beginnings of class activities(6) 

Other busiest moments (3)  

Effortless or 
difficult (47) 

Becoming easier (17)  

Attending to individuals (13)  

Various opinions (17)  

Others (8)   
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to students while doing something, just “to keep an overview of what’s happening” (P6 in 
the group session) in the classroom. 

Since X + Sensing tasks show a dominant proportion among the examples of multitasking, 
the remaining quotes are sorted as ‘Other multitasking situations’ (7 quotes). This sub-
category contains examples in which a sensing task is not involved. For example, a teacher 
was “greeting students coming in, also starting up the computer” (P6 in the group session) 
at the beginning of the class. 

In this category, we found that sensing students is a very common side task in teachers’ 
everyday routines. Teachers also indicate that it is crucial for them. “While you’re doing a 
lesson, you’re constantly trying to perceive or listen to the students.” (P4 in the group 
session) “Whatever I’m doing, I‘m trying to figure out what students are thinking…” (P5 in 
the group session).  

Category 2: Interruptions 

---“There are a lot of decisions to make.” (P5 in the group session) 

When performing a certain task, such as lecturing, facilitating students’ group work, or 
walking around the classroom to oversee students working, a teacher also regularly 
confronts different interruptions, after which task switching might occur. 23 quotes in this 
category describe examples of how teachers deal with interruptions in their routines. There 
are mainly two types of interruptions: external interruptions (18 quotes) which are caused 
by students or technologies, and self-interruptions (5 quotes) which are initiated by the 
teachers themselves (see Table 3-4). We found that most of the external interruptions are 
caused by students (16 out of 18 quotes). Others are caused by technologies such as social 
network applications (2 quotes). And five quotes from the sub-category self-interruptions 
show us that teachers tend to initiate self-interruptions to perform secondary or supportive 
tasks including interaction with technologies when their workload is low. 

As shown in Table 3-4, we found that there are two kinds of events causing external 
interruptions: direct interrupting events (9 quotes) and indirect interrupting events (9 
quotes). Direct interrupting events refer to situations in which the interruptions directly 
request a teacher’s attention. For example, students raise their hands to ask questions while 
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the teacher is lecturing; or when the teacher is helping a group of students, a student from 
another group come to the teacher asking for help. In situations of direct interrupting 
events, teachers have to react to the interrupting events immediately, by either helping the 
student(s) directly or indicating that the student(s) will be attended to later. As a 
consequence, the current task of the teacher has to be paused while the teacher has to react 
to the events. When discussing the situation that the students have questions while the 
teacher is doing something else, P4, for example, indicated, “you have to decide on ‘which 
will I do?’ ‘Will I listen to the students first and then finish the other tasks?’”. Even if the 
teacher decides to attend to the interrupting event later, a small task interruption occurs 
when informing students that their requests will be dealt with later. However, this can be 
done in a quite tacit manner, for example with an ‘automatic nod’ to the students (P4 in the 
group session).  

Nine quotes describe indirect interrupting events (see Table 3-4), situations which are not 
directly intended to request the teacher’s reaction immediately: for example, when a teacher 
perceives that a student is distracted, falling behind the schedule of the lesson, or saying 
something interesting in the group discussion, or when the teachers notice that there are 
new messages from his or her social network. Unlike direct interrupting events, indirect 
interrupting events do not necessarily require the teacher to stop his or her current activity. 
In other words, these events are more deferrable and ignorable than direct interrupting 
events. If they get deferred by the teacher, they may become a self-interruption which will 
be initiated by the teacher later. For example, P4 reported a moment during his lesson in the 
SRI when he noticed that one of the students was playing with his phone. P4 decided to 
carry on his activity and deal with it later, “I just let it be until I had some time talk to him.”  

Teachers may also decide to react to indirect interrupting events immediately. For example, 
P6 reported in the SRI that when he was helping a few students in his class, he noticed that 
some other students were getting distracted. So he decided to take action immediately, “So 
for me, that is a cue: okay, now I have to go over there and check…” Interestingly, two 
quotes from indirect interrupting events describe interruptions caused by WhatsApp 
messages from colleagues (P5 in the group session) or friends (P6 in the group session) 
during their lesson. P5 described an example that during her lesson she looked at her phone 
to check her agenda, “And then I notice that there are a lot of WhatsApp notifications from 
my colleagues asking me to do things, then there’s another information load coming” Both 
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P5 and P6 thought receiving such messages while working was ‘quite intrusive’ (P6 in the 
group session) to them. 

In the sub-category self-interruptions (see Table 3-4), there are five quotes showing us that 
low-workload periods, usually when students are working independently with the teacher 
observing, are prone to initiate self-interruptions to carry out secondary or supportive tasks. 
These tasks can include interacting with technologies, such as answering emails from 
colleagues (P4 in the group session), using administration software (P3 in the SRI), or 
checking the laptop (P7 in the SRI). At low-workload moments, teachers decide to switch 
their attention from students to secondary or supportive tasks since “right now they 
(students) do not need my attention” (P7 in the SRI), “that could be the moment I could do 
something else” (P3 in the group session). 

In this category, we found that while teaching, teachers have to regularly deal with 
interrupting events mostly caused by students, and sometimes by technologies. Being 
interrupted, teachers have to make quick decisions on whether, when and how to react to 
those interruptions. As stated by P5, “there’re a lot of decisions to make.” Some of the 
interruptions need immediate reactions and some of the interruptions can be deferred to 
become self-initiated interruptions later. Teachers tend to initiate self-interruptions to 
interact with technologies during low-workload periods when they do not have to pay much 
attention to students.  

Category 3: Reflective Tasks 

---“My mind is doing a lot of things at the same time.” (P6 in the group session) 

As Table 3-4 shows, 27 quotes in this category describe what reflective tasks teachers 
attend to when they are teaching. We found that teachers may have multiple goals or sub-
goals to pursuit in a pedagogical activity, and they need to occasionally check if (sub-) 
goals are being fulfilled (17 quotes). Additionally, we found that teachers occasionally 
think about if they need to adjust their lesson plan according to the condition of the class 
(10 quotes). 

In the sub-category multiple (sub-) goals, 3 quotes describe long-term goals (see Table 3-
4), which always direct the teacher’s behavior while he or she is working. For example, P6 
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indicated in the group session that there were some general goals in his mind: “I try to 
encourage students, make them gain knowledge, give them some change inside”. P2 
indicated in the group session that she aimed to give students “a feeling of success” while 
teaching. These long-term goals, as P2 felt, are “sitting away in some part of your brain all 
the time…” And teachers occasionally think about how they can achieve those goals. And 
that, for P2, felt like “a kind of multitasking”. Besides those long-term general goals, there 
are also some more concrete (sub-) goals for teachers to pursuit in different classroom 
activities, which is categorized in further sub-category short-term goals (14 quotes). Given 
the complex nature of pedagogical work, an activity of a teacher may have multiple sub-
goals, which the teacher has to check in his or her mind every now and then while doing the 
specific work. For example, P3 (in the group session) reported that while lecturing, besides 
attending to things he is talking about, he was also thinking about “Are they (students) 
reading? Are they paying attention? How am I doing? Am I clear?” in his mind. 

Teaching is dynamic and unpredictable. The sub-category adjusting plans (see Table 3-4) 
includes quotes describing that every now and then in the classrooms, teachers have to 
decide whether to readjust their plans or ways of teaching according to the conditions of the 
class at the moment (10 quotes). As P4 described in the group session that to him a plan for 
a lesson is just like “some recipe in your head”, and he has to “keep track of where you 
were in your recipe…” and this is usually done by the teacher perceiving the conditions of 
the class by experience. Once the teacher finds that students respond or behave differently 
than expected, he or she might adjust the plan (for example, the teacher quickens the pace 
of teaching or slows it down) to a certain extend to fit the current situations. P2 (in the 
group session) thought that as an experienced teacher, “you can assess the atmosphere” of 
the class, and “possibly to change a plan to fit what the atmosphere is.”  

In this category, we found that while teaching, teachers may occasionally focus their 
attention on checking if they kept on fulfilling their multiple (sub-) goals, and also think 
about whether to adjust their teaching plan to better fit to the current situations of the class. 
These reflective tasks may give a teacher a feeling that “my mind is doing a lot of things at 
the same time” (P6 in the group session). 
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3.4.2.2 Theme 2: How do teachers experience their everyday routines? 

This theme collects quotes describing teachers’ feelings and experiences of their routines. 
There are two dominant categories: the first describing the busiest moments that teachers 
find during their lessons, and the second describing situations which teachers find effortless 
or difficult while working. 

Category 1: Busiest Moments 

---“The beginning of the lesson is the busiest time.” (P2 in the group session)  

21 quotes in this category describe the moments which teachers think are the busiest in their 
lesson. As it shows in Table 3-4, there are 18 quotes in the sub-category Beginnings and 
transitions indicating that teachers find the beginnings of and transitions between lessons 
and class activities are the busiest moments in their routines. There are also some other 
reasons that may cause teachers’ feeling of busyness from the sub-category other busiest 
moments (3 quotes). 

All the participants agreed that the beginning of a lesson is the busiest moment for them (12 
quotes in the further sub-category beginnings of lessons). On the one hand, at the beginning 
of a lesson a teacher may have a lot of ‘physical stuff’ (P4 in the group session), or 
‘mechanical things’ (P2 in the group session) to do: such as starting up the computer to 
prepare the slides or take attendance of students, opening the textbook at the right page, 
collecting homework, writing down the planning of the lesson on the whiteboard or moving 
things from place to place. Meanwhile, the teacher also has to interact with students coming 
into the classroom: greeting students, having casual conversations, keeping an overview of 
what students are doing, and asking them to prepare for the lesson. Additionally, the 
beginning of a lesson can also be considered as a transition between two lessons during 
which students from the previous lesson may still have questions that need to be answered 
while students for the next lesson are coming into the classroom at the same time. All 
situations described above make teachers feel that “there are lots of things happening at the 
same time.” (P6 in the group session) Apart from the beginning of a lesson, or transition 
between two lessons, the participants indicated that the beginnings of and transitions 
between different teaching activities also lead busy moments (6 quotes in the further sub-
category beginnings of class activities). For example, P3 told us in the group session that he 
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felt the moments when he switched from lecturing to overseeing students working on their 
own are very busy for him. At such moments he may have to describe to students what they 
have to do, answer questions from students, and help some of the students who have 
difficulties.  

In the sub-category other busiest moments, three quotes describe busiest moments other 
than beginnings or transitions. For example, P5 (in the group session) found the moment in 
which her students were doing practical experiments very busy because there might be 
some students doing wrong things at the same time and she needs to correct them all. A 
sudden arising of multiple questions from students at some points is also considered by P4 
(in the group session) as a busy moment. 

Teachers indicated that after the busyness at the start of lessons or lesson-periods, their 
routines usually get less busy (3 quotes belonging to the sub-category Beginnings and 
transitions from P1, P2, and P6 in the group sessions). One participant experienced that, 
“The beginning is the hard thing. And once you’ve got people doing, you’ve got the thing 
going, and it’s a bit like starting up a machine. Once you got it started, it’s going to run 
itself” (P2 in the group session). P1 (in the group session) said that, “In the beginning, I 
think, It’s hard…” and she had to allocate her attention to students who needed different 
bits of help, but once started, students will get to a point where they do not need much 
attention from the teacher, and she thought “then that becomes much easier”.  

This category shows us that the start of, and transitions between, lessons and class activities 
are the busiest moments considered by teachers. Multiple overlapped tasks make their 
workload relatively high at these moments. But after these moments, teaching may become 
less busy for them since students may get to a more autonomous learning state, and the 
intensity of tasks may get reduced. 

Category 2: Effortless or Difficult 

---“Becomes easier.” (P6 in the group session) 

It is shown in Table 3-4 that 47 quotes in this category describe classroom situations that 
teachers see as difficult parts of their routines, and situations they see as effortless parts of 
their routines. In the sub-category becoming easier, 17 quotes reveal that some of the tasks 
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will get more effortless or even automatic for a teacher as he/she gets more experienced in 
teaching,. The sub-category attending to individuals (13 quotes) indicates that teachers 
think it is difficult to attend to every individual student in their lessons, given the current 
number of students they have for each class. The 17 quotes remaining compose the sub-
category various opinions which reflects various opinions from teachers about their 
effortless or difficult situations. 

The sub-category various opinions shows us that different teachers have different opinions 
about which parts of their routines they find difficult or effortless, and some of the views 
are even opposite to each other. For example, one of our participants, who had one year of 
teaching experience, thought that while giving a lecture, paying attention to students’ 
behavior is “a little bit difficult” (P3 in the group session). However, another participant 
who has been teaching for 6 years thought that “While I’m explaining or demonstrating 
things on the board, I can easily observe what’s happening in the class.” (P6 in the group 
session).  

Participants reasoned that these differences depend on how experienced a teacher is (i.e. 
how long he or she has been teaching), which is shown by the sub-category Becoming 
easier (17 quotes). The quotes from this sub-category show situations that have become 
easier for teachers after years of teaching. For example, P6 (in the group session) indicated, 
“I think when teaching a longer time, (you) already have quite some good ideas why people 
get stuck…” When talking about the multiple tasks that need to be done at the start of the 
lesson, P4 (in the group session) commented, “After you get more experienced, you kind of 
do those things simultaneously…” P4 added that, at beginning of the lesson, although 
interaction with students may still take a lot of time, finishing the ‘physical’ setup (such as 
starting up computer and smartboard and moving things from place to place) is getting 
‘easier’ (“it takes less time, I think, and not much attention” (P4 in the group session)). 
Similarly, P3 (in the group session) thought that “some parts of your lesson will become 
[…] automated”. Therefore, “you can easily pay attention to something else”. 

As concluded earlier, our participants indicated that they always try to be aware of what 
every student is doing. However, the sub-category attending to individuals (13 quotes) 
shows that a bottleneck of a teacher’s attention seems to appear when higher numbers of 
students are involved. P6 indicated (in the group session) that it is doable for him to remain 
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aware of what everyone is doing in a class of 15 students, while most of the time, there are 
25 or more students. P2 thought that if there are 30 students, “it’s easier for students to slip 
through the cracks” (P2 in the SRI). P7 indicated that it is possible for her to be aware of 
what other students are doing while helping a group of students in a small class, but “if 
there were 20 students, it gets more difficult” (P7 in the SRI). P5 (in the SRI) thought it is 
‘hectic’ to attend to all the students in a class of 29 students.  

There are more situations described in the sub-category various opinions, showing that 
teachers have diverse opinions on which tasks of theirs are difficult or effortless. For 
example, P1 and P3 mentioned that to deal with students with negative attitudes are quite 
effortful. P1 (in the group session) said that “when the attitude of students is poor, that 
burdens me.” For another example, P5 (in the group session) told us that she had difficulty 
to type something on the computer and meanwhile answer a question from a student, while 
she could easily hear what students are talking about and write things on the whiteboard 
simultaneously. 

In this category, we found that teachers’ opinions on whether their tasks are effortless or 
difficult can be quite different depending on how many years they have been teaching. As a 
teacher gets more experienced in teaching, he or she may get better at doing things 
simultaneously: some tasks will become ‘automated’, which imposes a lower workload. 
Additionally, we found that most participants thought that, even though remaining aware of 
all students’ current state and progress is important, it is difficult to realize this in classes 
consisting of 20 or more students. 

3.4.3 Limitations 

Although the study has yielded rich and vivid contextual information needed to answer our 
research questions, there naturally are also a number of limitations to the research 
conducted. Because of the choice to conduct an in-depth qualitative study using 
contextmapping methodology, in line with the qualitative aims of our research, the number 
of involved participants is relatively low. By involving seven participants, though diverse in 
gender, age, teaching experience, and teaching subjects, the study could likely not cover all 
possible teaching scenarios, resulting in potential bias. A bias could furthermore be caused 
by the fact that in the sensitization phase, we conducted SRIs based on the recording of one 
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single lesson of each participant. More diverse routine activities might have been covered 
when recording multiple lessons of one teacher and when involving a larger participant 
group. Another limitation of this study is that during the research, both P3 and P7 were not 
able to participate in the complete process of the study (P3 was not able to participate in the 
SRI and P7 missed the group session). While the mentioned limitations indicate 
suggestions for improvement in study design for future studies with similar aims, we also 
recognize these limitations as inherent to the in-depth and qualitative approach chosen, 
which we believe to be essential given the qualitative nature of the research questions. 

3.5 Discussion 

The starting point of this chapter is the assumption that school teachers as typical 
professional practitioners have quite busy front-stage routines in their classroom-teaching. 
Based on this assumption, we believe that employing the principles of peripheral interaction 
(Bakker et al., 2015) which concerns reducing the attentional resources required from users 
is meaningful in the design and development of classroom technologies. Therefore, aimed 
at informing our upcoming design practice in this context, as well as future related HCI 
designs, the Contextmapping study presented in this chapter has been conducted. Through 
this study, we have contextualized our understandings about the front-stage routines of 
professional practitioners from the perspective of secondary school teachers. As presented 
above, this study has yielded rich and vivid contextual information reflecting the busy and 
dynamic nature of the classroom routines of teachers, which has verified our initial 
assumption and thus has comfirmed that teachers’ routines in classrooms are a promising 
context for deploying peripheral interaction. We expect those classroom technologies which 
do not require much focused attention to interact with will disburden teachers who are 
already quite busy, and enable them to focus beyond the technologies thus to have more 
attentional resources for students. In this section, we first summarize how our empirical 
findings in this chapter could help HCI designers or design researchers to more contextually 
interpret the related theories of professional practice that we have examined in Chapter 2. 
Subsequently, we generalize and discuss a set of design opportunities revealed from our 
findings, which are intended to inform future design practice for meaningfully supporting 
the classroom routines of teachers. 
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As we have learnt in Chapter 2, professional practice is repetitive and unpredictable at the 
same time (Eraut, 1995; Schön, 1983). On the one hand, professional practice consists of 
elements which are repetitive, familiar, and stable, which enable a professional practitioner 
to establish skillful routines in his/her practice context over time. Through established 
routines, he/she can do things proficiently without having to pay focal attention to all the 
particulars (Polanyi, 1962) in his/her practice. Such repetitive elements of professional 
practice have been contextualized by our analysis of secondary school teachers’ routines. 
Namely, in the routine task analysis, five categories of teachers’ routine tasks have been 
found. Except for the category of others, the other four categories, sensing, imparting, 
dialoguing, and reflecting, were commonly observed from the routines of all the 
participating teachers. These common tasks reflect the essence of pedagogical activities: the 
communications between the educator and the learners. Being engaged in these stable types 
of teaching elements, again and again, a teacher is eventually able to establish his/her 
classroom routines and act proficiently in classroom teaching. Our findings thereby 
concretize the repetitive and familiar elements in the professional practice of teaching.  

However, on the other hand, a professional practice also includes elements of 
unpredictability, uniqueness, and peculiarity (Brante, 2009; Doyle, 1977; Schön, 1983). 
Given the dynamic intersections between the people, artifacts, and environmental factors 
within a practice context, each episode of practice never unfolds itself in exactly the same 
way: there are always certain variations in a familiar practical situation. As a result, a 
professional practitioner has to use his/her routinized skills to improvise with non-routine 
elements within an unfolding situation (Balachandra et al., 2005; Eraut, 2000; Schön, 
1983). Such unpredictable elements of professional practice have also been contextualized 
in our findings. Namely, in the routine experience analysis, we have found that the above 
mentioned common teaching tasks (sensing, imparting, dialoguing, and reflecting) are often 
not carried out linearly or in a pre-scheduled way in real-life teaching. 

Conversely, in practice, teachers improvise these tasks in (quasi-) parallel or in an 
interleaved manner according to the unfolding situation. For instance, as suggested in the 
data, teachers often combine a teaching task with the task of sensing the students’ current 
state (e.g., figuring out whether they are engaging, distracted or having difficulties), which 
helps them interactively modify their teaching behaviors to better fit the students’ needs at 
the moment. Moreover, during their classroom routines, teachers need to cope with 
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unpredictable interrupting events, and decide whether to act upon the events immediately or 
defer their actions to a later moment; either way, they have to carry out a quick decision-
making process in the midst of their current task. Besides their communicative tasks with 
students, teachers’ reflective tasks also seem to resemble a non-linear manner. As shown in 
the reported examples, during teaching, teachers have multiple long-term or short-term 
goals to retain in their mind, which require them to dynamically switch focus on different 
aspects of their ongoing teaching practice, and assess if they have been orchestrating the 
learning activities as they desire. These examples gathered from school teachers’ real-life 
practice can vividly concretize the unpredictability and uniqueness of professional practice 
suggested by the related theories (Eraut, 2000; Schön, 1983; Yanow & Tsoukas, 2009). In 
summary, our empirical study echoes the related theories we examined in Chapter 2 and 
offers more detailed qualitative descriptions that can serve as contextual input for HCI 
design. To more explicitly inform future design practice aimed for supporting the routines 
of teachers, we now present a set of design opportunities that are generalized based on our 
findings. 

 Design opportunity 1: disburdening teachers’ eyes and ears 

From our two analyses, we concluded that sensing (to remain aware of students’ activities, 
attention levels, or emotional states) is the most common side tasks in teachers’ everyday 
routines. It seems that whatever teachers are doing, they always try to keep aware of 
students’ state. As a result, teachers’ visual and auditory attention is frequently occupied by 
sensing students while they are teaching. According to Multiple Resource Theory (MRT) 
(Wickens, 2002), if two tasks require the same modality or cognitive resource, interference 
will occur so that it may not be possible to be performed in parallel. Therefore, on the one 
hand, developers and designers might try to reduce the amount of focused visual or auditory 
attention required from teachers to interact with the technologies, for example, by means of 
ambient display (Mankoff et al., 2003), or ambient soundscape (Butz & Jung, 2005). 

On the other hand, developers and designers might explore alternative modalities for the 
interaction between teachers and technologies. Haptic perception  (Williams & Michelitsch, 
2003), proprioception (sense of the positions and postures of our own body and limbs, see, 
for example, (Lopes et al., 2015)) and other modalities of perception may also be utilized to 
support teachers’ technology-related tasks, making the tasks easier to be performed in quasi 
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parallel with other tasks. For example, imagine a bracelet that can work as a timer and give 
haptic feedback to the teacher. The teacher sets the bracelet for 20 minutes for students to 
do some exercises, while he or she is walking around and helping students. Duiring the 
period, the bracelet will perform a subtle vibration pattern every five minutes to help the 
teacher remain aware of how much time has passed before it will give stronger feedback to 
indicate the time is up. By using haptic perception to keep general time awareness in 
classroom activities, the teacher does not have to visually focus on a timer application on 
the computer. 

Design opportunity 2: design for interruptibility 

As found in our study, teachers have to deal with various interrupting events mostly caused 
by students and sometimes also by technologies, while they are working. We also found 
that teachers prefer to initiate self-interruptions to interact with the technologies (for 
example, emails, or administration software) when they are in low-workload conditions. To 
fit in these highly dynamic everyday routines, technology-supported tasks might be 
designed to be flexible enough, so that they can be potentially interrupted by, switched with 
other tasks, and deferred by teachers. Of course, they should also be resumed effortlessly 
without causing much extra mental load. To explain this, we can take one of teacher routine 
tasks, recording attendance, as an example. A current way for a teacher to fulfill this task is 
to use school administration software on his or her laptop. The teacher has to fill attendance 
information into a digital name list of all the students and then submit it. If the teacher gets 
interrupted by another task and has to leave his or her desk, after the interrupting task, he or 
she needs to go back to the desk and scan through the list on the screen to find out the point 
where he or she just stopped to resume the task. To make this task more interruptible, we 
could design a mobile application for attendance recording. When the application is 
focused, one student’s name will be displayed on the screen each time, and only after 
inputting attendance of this student, it will be replaced by the name of another student, until 
all the information is completed. In this way, the whole task is divided into small 
fragments, and teachers can choose to finish several fragments at a small time slot when 
they are not busy. Once interrupted, teachers can resume this task more effortlessly. 
Moreover, when designing technology-supported tasks for teachers, we may try to avoid 
these technologies to cause direct interrupting events to teachers when their workload is 
already relatively high (such as at the beginnings of and transitions between lessons and 
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activities at which they feel considerably busy as we found). To achieve this, classroom 
technology might be designed to be activity-aware (for example, the system knows which 
activity or situation the user is in currently) and user-adaptive (for example, the system 
knows how much mental load the user has, and thus determines whether or not to interrupt 
the user). 

Design opportunity 3: more information for teachers 

In our study, we found that teachers have multiple goals and sub-goals to pursuit when they 
are in different activities, and they have to regularly check if they keep achieving these 
(sub-) goals. Additionally, they frequently assess whether they should adjust their plans or 
strategies of teaching in order to fulfill their (sub-) goals, based on the current context in the 
classrooms, such as students’ feedback, performance, or attention level. This finding 
reflects how dynamic classroom activities are for teachers, and explains why sensing tasks 
are crucial to them. Therefore, it will be meaningful for teachers that more relevant 
information, especially that cannot be directly or easily perceived by sensing tasks (e.g., 
attention level, the emotional state of each student, student performance in certain 
exercises,), can be presented to them in real-time. For example, imagine there is an ambient 
display system presenting in real-time information on how much time the teacher has spent 
on helping each student. While a teacher is teaching, he or she may sometimes notice the 
information, and it could support the teacher to make decisions on whether he or she should 
spend more time on helping a student or whether he or she should go to another student. 
However, as we mentioned in the design opportunity 1, such displays should be 
unobtrusive, unarrestive, and ignorable, so that the information could support teachers 
assess and adjust their teaching more efficiently without causing much extra cognitive load. 
Some of the related work we addressed before, such as studies done by Moraveji et al. 
(2011), Sturm et al. (2006), and van Alphen & Bakker (2015) can be seen as early 
explorations into this direction and have shown their potential value for teachers. We 
believe that there is more space to be explored in this opportunity.  

Design opportunity 4: design for personalization 

From routine experience analysis, we concluded that teachers’ experiences and feelings of 
their routines can be rather different. Moreover, different teachers have different 
capabilities for task performing. Factors such as years of teaching experience lead to this 
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differentiation. We also found from our participants who are diverse in the subjects taught 
by them that teachers of different subjects have different activities in their lessons. For 
example, one of the most common teaching activities for an English teacher might be to 
read the textbook to students and explain the content, whereas a mathematics teacher, what 
he or she frequently does in the lessons might be demonstrating calculations on the 
whiteboard for students to follow. Now that teachers differ in experience, capability, and 
the activity of their daily work, it is reasonable for classroom technologies to be 
personalized to adapt to different preferences of teachers. For example, imagine that there is 
a handheld controller, which has some shortcut buttons that can help the teacher remotely 
activate and simply manipulate laptop-based applications displayed on the smart 
whiteboard. Since different teachers may have different frequently used applications, 
teachers may prefer to define the functions of the shortcut buttons by themselves. For 
example, the English teacher may want to have an online dictionary mapped to a button, 
while the mathematics teacher may want to have a virtual calculator for demonstrating to 
students. For teachers who are quick learners of using technologies, they may set more 
shortcut buttons than those who are not experienced in using technologies. Additionally, as 
the teacher gets more familiar with using the controller, he or she may define more shortcut 
buttons to control applications. Therefore, in order to make the technologies fit into 
different routines of teachers, we might try to make the classroom technologies open-ended, 
and enable personalization by users. 

Design opportunity 5: support for multilevel communication 

As our routine task analysis shows, communication between students and teachers in 
pedagogical activities are multilevel, which means that some of the communicative tasks 
take place on class-level, whereas some of them take place on small-group or individual 
level. When doing tasks belonging to sensing or imparting, teachers usually see the entire 
class or a group of students as a whole. And while performing tasks belonging to 
dialoguing, teachers tend to address students as individuals or small groups. However, we 
also found that communication on individual-level is somewhat constrained because of the 
large numbers of students in one class: evenly divide attention to each individual student is 
challenging. An opportunity for classroom technologies might be to facilitate these 
multilevel communications in pedagogical activities, supporting teachers to manage, 
instruct, or help students flexibly and precisely. This way, they can teach the class not only 
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as a whole, but also easily track the learning of groups or individuals and correspondingly 
give each student specific instructions, explanations, or missions when they need. For 
example, as we addressed in the related work section of this chapter, FireFlies (Bakker et 
al., 2013) enables a teacher to give simple feedback to students individually through 
changing the colour of a student’s lamp, while the teacher is overseeing students working. 
Another example, Subtle Stone (Alsmeyer, Luckin, & Good, 2008) helps each student 
communicate his or her current emotion to the teacher by squeezing an orb. And the teacher 
can be aware of not only the overall emotional state of the class but also different emotions 
of individuals, based on which he or she could adjust teaching. These examples show us 
how technologies can facilitate multilevel communication in pedagogical activities, and we 
believe that there are more possibilities to explore. 

3.6 Conclusion 

In this chapter, we present a qualitative study on classroom routines of secondary school 
teachers from a human-computer interaction design perspective. We started from the 
assumption that secondary school teachers have quite busy front-stage routines in which a 
lot of their attentional resources need to be occupied by various tasks. We thus believe that 
employing the principle of peripheral interaction could help technology systems more 
seamlessly fit into teachers’ classroom routines. In order to design peripheral interactive 
systems that can meaningfully support this group of professional practitioners, we need to 
contextualize our understandings about their routines. As a result, the study presented in 
this chapter has been aimed for collecting rich and vivid contextual information about 
teachers’ classroom routines. To do so, we have adopted a Contextmapping (Sleeswijk 
Visser et al., 2005) methodology to gather in-depth qualitative data based on lived 
experiences of seven Dutch secondary school teachers. Results of two analyses presented in 
this chapter have addressed three research questions: 1. What tasks do teachers do as part of 
their everyday routines? 2. How do teachers allocate their attention during their everyday 
routines? 3. How do teachers experience their everyday routines? 

To address research question 1, routine task analysis has been conducted. A categorization 
of teachers’ classroom tasks (sensing, imparting, dialoguing, reflecting, and others) 
emerged from the analysis. To answer research question 2 and 3, we conducted routine 
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experience analysis. The first part of the results shows us vivid pictures of how teachers 
allocate attention in their routines. We found that whatever tasks teachers are doing, they 
always try to also attend to students to get aware of their state. While teaching, teachers 
frequently confront different interrupting events externally, and they also initiate self-
interruptions when their work-load is relatively low. Occasionally, teachers need to reflect 
on multiple (sub-) goals and teaching plans in their minds and think about whether they 
should adjust their teaching plans based on what they have sensed from the class. The other 
part of routine experience analysis shows how teachers feel about their routines. We found 
that the beginnings of, and transitions between lessons and different teaching activities are 
considered as the busiest moments for teachers. And teachers feel less busy when students 
get to a more autonomous learning state after the busy starts of activities. We found that 
teachers’ opinions on which tasks are effortless and which tasks are difficult can differ 
depending on their teaching experience. For an experienced teacher, some of the tasks may 
have become effortless or even automatic. Additionally, we found that allocating enough 
attentional resources to each student is considered as difficult by most of the teachers if the 
number of students per class is higher than 20. 

The findings of this study show vividly how busy and dynamic teachers’ front-stage 
routines are, which verified our initial assumption. Our findings, therefore, confirm our 
approach of choosing school teachers as the target-group for our upcoming design 
explorations. Moreover, these qualitative findings can also serve as contextual input for 
future HCI designs aimed for supporting this group of professionals; based on these 
findings, we have generalized a set of opportunities for design.  



 

Chapter 4.                                    
Designing and Deploying FeetForward∗ 

Abstract: In this chapter, we present a concrete design exploration aimed for exploring the 
design of peripheral physical interaction: i.e., the physical or bodily human-computer 
interaction that does not require users’ continuous focal attention. Specifically, we present 
the design and field evaluation of a system named “FeetForward”, which is a set of foot 
pedals serving as “shortcuts” for teachers to effortlessly access customized functionality on 
their interactive whiteboard. In this way, FeetForward could help teachers to transform a 
sequence of focal operations on their interactive whiteboard into simply foot-tapping. This 
open-ended system aimed at enabling teachers’ peripheral physical interaction has been 
used as a technology probe in a field deployment carried out with three secondary school 
teachers in their classrooms for five weeks. The findings suggest some customized 
shortcuts of FeetForward indeed enriched the teachers’ repertoire of action for using an 
interactive whiteboard in teaching. This was because these shortcuts were experienced to 
have enabled the teachers’ personally meaningful interactions with the interactive 
whiteboard to be performed more effortlessly less focally, and possibly promoted the 
teachers to use digital resources in a more improvisational way. In addition to this, based on 
the evaluation results, we have qualitatively identified a series of factors that may influence 
a designed peripheral physical interaction to be integrated into practitioners’ existing 
routines. Moreover, some challenges and benefits of utilizing foot-based interaction in 
designing peripheral physical interaction have been revealed. Encompassing these findings, 
we summarize and discuss related implications for design. This chapter thereby presents an 
instance as well as a set of implications about designing peripheral physical interaction to 
support professional practitioners’ front-stage routines. 
                                                           

∗ This chapter is based on the following publication: 

An, P., Bakker, S. & Eggen, J.H. (2017). FeetForward: on blending new classroom technologies into secondary 
school teachers' routines. In Proceedings of the INTERACT 2017 - 16th IFIP TC 13 International Conference on 
Human-Computer Interaction (pp. 327-347). Cham: Springer. (This paper received Reviewers’ Choice Award of 
INTERACT ’17) 
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4.1 Introduction 

In this chapter, we present the design and field evaluation of a system named 
“FeetForward”. This study intends to explore how to support professional practitioners 
through peripheral physical interaction (Bakker et al., 2015), i.e., the physical or bodily 
human-computer interaction that can be carried out without demanding continuous focal 
attention from users. In both our theoretical examination (Chapter 2) and contextual 
investigation (Chapter 3), it appears that teachers’ classroom routines provide a suitable 
context for exploring the design of peripheral interaction. Continuing our exploration about 
this context, in the present chapter, we aim to address our earlier mentioned Research 
Objective 2 for this thesis: to explore how peripheral physical interaction can benefit 
professional routines and probe related design implications. 

FeetForward system supports teachers’ peripheral physical interaction through its four foot 
pedals (As Figure 4-1 shows). These pedals serve as four “shortcuts” for teachers’ use of 
the interactive whiteboard (IWB), i.e., a wall-mounted projection of their computer screen 
that they can interact with through stylus or touch. Namely, by simply tapping on a pedal, 
teachers could achieve a customized shortcut function which previously may require their 
focal sequential interactions with the IWB or the laptop computer. Teachers could assign 
their meaningful shortcut functions to the pedals so that they can easily achieve a function 
by simply foot-tapping while lecturing in front of the IWB. For instance, a pedal could be 
customized for resizing and repositioning a window to make it fill either half of the screen 
so that two applications/documents can be shown simultaneously to the students. For 
another example, a teacher could use a pedal to quickly open the internet browser and visit 
a webpage such as his/her YouTube playlist to retrieve a learning material on the spot. Such 
interactions often require teachers to perform focal sequential operations on their computer 
or IWB. By turning these focal interactions into a foot-tapping, FeetForward could help 
teachers to shift these interactions from their focal attention towards the periphery of their 
attention. These interactions can hence be readily delivered in lecturing with minimal 
interruption to other ongoing tasks of teachers. Consequently, we believe that FeetForward 
could expand teachers’ ready actions (or skills) that they can quickly draw upon when using 
the IWB in lecturing; in other words, we believe it could enrich teachers’ repertoire of 
action in lecturing. 



4.1 Introduction 89 

 

 

Figure 4-1. FeetForward: a foot-based peripheral interface to support teachers’ use of 
interactive whiteboards (see https://vimeo.com/196859949 for a demo video). 

As a result, we have used the FeetForward system to probe how peripheral physical 
interaction could be designed to enrich professional practitioners’ repertoire of action. 
Specifically, we deployed this simple yet new interface with three secondary school 
teachers in their classrooms for a period of five weeks. During the period, FeetForward 
served as a technology probe (Hutchinson et al., 2003) for revealing the participating 
teachers’ own ways of customizing this open-ended system based on their specific needs or 
preferences of using the IWB. Furthermore, during the deployment, we used in-depth 
longitudinal interviews plus questionnaires (four times for each participating teacher) to 
gather teachers’ lived experiences regarding using this system in their normal lessons. 
Additionally, the system also recorded the interaction data generated during use. The 
findings of this field deployment demonstrate how the FeetForward system was 
experienced to add to the teachers’ repertoire of action in using the IWB for lecturing.  The 
findings also qualitatively reveal relevant factors that can influence a designed peripheral 
physical interaction to be integrated into practitioners’ existing routines. Lastly, some 
potentials and challenges have been identified in terms of using foot-based interaction as a 
possible style for designing peripheral physical interaction. 

The remainder of this chapter will first discuss the related work of peripheral physical 
interaction, as well as the design process and rationale of FeetForward. Following that, we 
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report the process of our field deployment and the methods used for our data gathering. 
Subsequently, we analyze the gathered data of diverse types with a focus on teachers’ lived 
experiences of using FeetForward, which is followed by our discussion about related 
implications for design. 

4.2 Related Work 

4.2.1 Peripheral Physical Interaction 

In Chapter 2 we have addressed the body of research related to peripheral interaction, 
which is originally inspired by Weiser and Brown’s vision of calm technology (Weiser & 
Brown, 1997). Inspired by this vision, a large number of HCI studies have thereby explored 
presenting information in the periphery of users’ attention  (Matthews et al., 2004; Pousman 
& Stasko, 2006). In addition to this, more recently, a number of studies (Bakker, van den 
Hoven, & Eggen, 2012; Edge & Blackwell, 2009; Hausen, 2012) indicate that not only 
information perception, but also physical or bodily operations of users can be designed to 
be peripheral. This way, these operations can become secondary tasks that do not require 
high engagement from users. Such proposition is also supported by our capability of 
performing physical or bodily tasks in everyday life (Bakker, van den Hoven, & Eggen, 
2012): e.g., using the pedal of a sewing machine while focusing on the task at hand, or 
washing our hands while focally thinking about something else. Since the design 
exploration in this chapter is focused on such peripheral physical interaction, we now 
address a series of related design cases in this area. 

Design cases of physical peripheral interaction are mainly found in the context of desktop 
computing or office settings. Edge and Blackwell (2009), for example, presented a desktop 
system affording “peripheral tangible interaction” for office workers to communicate task 
progress in the periphery of attention by manipulating physical tokens augmented by digital 
elements. Olivera et al. (2011) designed tangible devices in the shapes of 6- or 12- sided 
dices to afford peripheral interaction. By placing the devices on a certain facet, users could 
select a certain status for their availability on the social network. Similar to this, StaTube 
presented by Hausen et al. (2012), is a tangible device to help users communicate their 
status on instant messaging application.  
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Apart from the above mentioned design artefacts utilizing tangible devices, there are also 
design cases of physical peripheral interaction which employed other embodied (Dourish, 
2001) forms of interaction. The Unadorned Desk (Hausen et al., 2013), for example, uses 
gestures at the periphery of the workspace to trigger frequently used shortcuts in a desktop 
context. The spatial layout of the Unadorned Desk was used to map its shortcuts. Probst et 
al. (2014) explored subtle bodily movements on a chair, such as tilting left and right, to 
trigger common web-browsing commands, such as next and previous webpage.  

While the examples addressed so far all focusing on the context of desktop computing or 
office settings, a few related research explorations are known in classroom settings. Notelet 
(Bakker, van den Hoven, Eggen, & Overbeeke, 2012), is a bracelet interface, enabling a 
teacher to take a picture of the class through a camera mounted in a corner of the classroom 
to later remind the teacher about a certain behavior of a student. FireFlies (Bakker, 2013) is 
an interactive system which allows teachers to quietly and unobtrusively communicate 
short messages to individuals using a tangible tool. While both these designs explored 
tangible interfaces, the study presented in this chapter investigated another potential form of 
peripheral physical interaction: foot-based interaction.  

Even before HCI, foot-based interactions have long been performed as secondary tasks to 
support manual tasks of people such as potters, organists, or drivers. Because humans have 
highly developed abilities to manipulate artifacts by hand, feet are not often the first choice 
for performing human-computer interaction. However, foot-based interaction could be 
suitable in specific scenarios in which the hands are occupied (Alexander, Han, Judd, Irani, 
& Subramanian, 2012). Related to educational technology, Daiber et al. (Daiber, Schöning, 
& Krüger, 2009) explored foot navigation while interacting with geospatial data on a large 
display, and suggested the interaction style may be beneficial in “teacher-apprentice 
setting”.  In the area of peripheral interaction, Probst (2016) explored foot kicking and 
rolling as interaction styles in the context of desktop computing (in a sitting posture). 
Velloso et al. (2015) presented a comprehensive review of foot based HCI, in which they 
pointed out that since a lot of work of this area has been done in laboratory settings, more 
field deployments for extended periods of time are still needed. In this sense, our five-week 
field deployment of FeetForward can contribute empirical findings that are meaningful to 
foot-based HCI. 
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In summary, prior studies have explored various forms of peripheral physical interaction, 
including tangible manipulation, in-air gesture, or foot-based input. Although foot-based 
interaction is relatively less explored, it is deemed meaningful in supporting secondary 
tasks of practitioners. Consequently, the study presented in this chapter further explores 
leveraging foot-based inputs for the design of peripheral physical interaction. 

4.2.2 The Learning Process of Peripheral Physical Interaction 

During their everyday routines, people frequently perform physical interactions with 
everyday objects in the periphery of their attention (Bakker, van den Hoven, & Eggen, 
2012). For example, when reading a newspaper, one could pick up a coffee cup and take a 
sip without consciously paying attention to it. Or when talking to a friend, you could still 
put something into your pocket, or straighten your jacket. The reason why these secondary 
motor tasks can be performed peripherally is two-folded. On the one hand, the cognitive or 
motor resources required by these tasks do not conflict with those required by the main 
tasks, which makes them possible to be performed in parallel with the main tasks  
(according to multiple resource theory (Wickens, 2002)). On the other hand, these motor 
tasks have been repeated for many times in our familiar daily contexts, thus have become 
automatic to a certain degree. The process of activities becoming automatic after being 
repeatedly performed, is also referred to as habituation (Wood et al., 2002). 

As suggested by dual-process theories (Chaiken & Trope, 1999), our behaviors can be 
carried out along two competing pathways: a deliberative route, and an automatic route 
(Gardner, de Bruijn, & Lally, 2011). When we are performing novel actions, or when we 
are in unfamiliar contexts, our performance normally requires continuous attention in order 
to control our sensorimotor performance appropriately. Contrarily, when we are performing 
habitual actions in a familiar context, we do not have to pay continuous or focused attention 
to our performance (Wood et al., 2002). Along the automatic route, a behavior is performed 
peripherally and therefore can save us cognitive resources for more focused or unfamiliar 
activities.  

Habituation is a key determinant of automaticity (De Bruijn et al., 2007; Kremers et al., 
2006; Lally, van Jaarsveld, Potts, & Wardle, 2010). New physical interactions also require 
a certain extent of learning (habituation) before it can be performed in the periphery of 
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attention (Bakker et al., 2015). In the domain of peripheral interaction, it is therefore 
valuable to investigate the habituation of physical or bodily interactions when evaluating 
designs, as it may indicate a design’s integration into the personal contexts and existing 
routines of a user. In the study presented in this chapter, we hence use habituation (habit 
strength) as an indicator in the evaluation of peripheral physical interaction. 

4.3 Designing FeetForward 

4.3.1 Understanding Teachers’ Use of Interactive Whiteboard 

As we have suggested in Chapter 3, current classroom technologies, such as laptop/tablet 
computers, often rely on a human-computer interaction (HCI) style that requires focal 
attention from teachers; this may restrict teachers’ use of digital resources during their busy 
classroom teaching. A similar observation has been mentioned by studies specifically on 
teachers’ use of interactive whiteboard (IWB). Secondary schools in developed countries 
are widely equipped with interactive whiteboards. they are generally seen as a useful tool 
for teaching and learning (Bannister, 2010; Manny-Ιkan, Dagan, Tikochinski, & Zorman, 
2011). However, various disadvantages restrict the use of the interactive whiteboard. For 
example, effective use requires advanced skill training (Bannister, 2010; Jang & Tsai, 
2012), teachers often find using the interactive whiteboard time-consuming (Jang & Tsai, 
2012), and they argue that there is not enough customizable space (Bannister, 2010). 

The aim of the design presented in this chapter is to support teachers’ interactions with the 
interactive whiteboard. To better understand teachers’ use of the interactive whiteboard, we 
observed two teachers while using the interactive whiteboard during a regular lesson, and 
we invited each of them to participate in an ideation session with several designers. While 
interacting with the board, both teachers were occasionally observed walking to their 
computer to fulfil operations such as opening an application, opening a webpage, resizing 
or moving a window, and pausing or replaying a video. Although such operations could 
also be done using touch or stylus interaction on the board, the teachers sometimes 
preferred using the mouse or keyboard of their computers, interactions to which they were 
more accustomed. However, from the observations and discussions with the teachers, it 
became clear that their operations on the interactive whiteboard or through computer 
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required focused attention, even though these operations were considered secondary tasks. 
Such sequential precise operations normally require teachers to pay focal visual attention to 
the graphical user interface (GUI) of the IWB or computer. Although these focal sequential 
interactions are needed in order to use the IWB during lecturing, they can be rather 
disruptive to other ongoing tasks of teachers: such as instructing students or reacting to 
students’ questions, which also require teachers’ focal attention during lecturing (as also 
revealed in Chapter 3). The ideation sessions thereby brought forward the idea to make 
such actions available through a peripheral shortcut, so that the tasks become easier to 
perform, and teachers do not have to walk to their computers that often. This way, such a 
peripheral shortcut enables teachers to transform previously a sequence of precise 
operations on their IWB or computer screen into a foot-tapping.   

Additionally, we observed that, while standing in front of the whiteboard, teachers’ hands 
were often in use, holding tools such as (interactive) mark pen, textbook and paper 
documents. On the other hand, teachers’ lower limbs were free to move. Unlike when 
sitting at a desk, while standing, foot movement can be observed through peripheral vision. 
This lead to the choice of exploring a foot based peripheral interface, and the design of 
FeetForward. 

4.3.2 FeetForward Design 

As we learnt in Chapter 3, teachers can form quite divergent ways of using digital resources 
during classroom-teaching, and personalization needs to be supported by classroom 
technologies. This also holds for their use of the IWB (Bannister 2010). Moreover, as 
related research also indicates, peripheral physical interaction has a highly personal nature 
(Bakker et al., 2015), new interactions usually become peripheral only when they are 
meaningful in the specific context to the specific user. Therefore, we designed FeetForward 
as an open-ended system. FeetForward consists of four pedals placed under the interactive 
whiteboard, which can be pressed using the foot, see Figure 4-1. Each pedal can be 
connected to a personalized shortcut operation on the interactive whiteboard. Teachers can 
personalize the functions of the pedals to make them meaningful to their own contexts. 

Each pedal of FeetForward can detect two states of foot operation: hovering and pressing 
(see https://vimeo.com/196859949 for a demo video). When a foot is hovering above the 
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pedal, an icon (see Figure 4-2) will pop up on the whiteboard indicating the function that is 
activated when the pedal is pressed. This augmented feedforward (Wensveen, 
Djajadiningrat, & Overbeeke, 2004) was designed to help users remember or confirm the 
function before pressing the pedal. Additionally, the four pedals were tagged with different 
colors (yellow, red, green, and blue) to be differentiated from each other at a glance. These 
colors match the colors of the icons of the connected functionality. The FeetForward 
prototype deliberately involved straightforward functionality and relatively easy foot 
gestures, i.e., toe tapping (Alexander et al., 2012; Velloso et al., 2015), to ease the process 
of habituation and to enable interactions to shift to the periphery of attention. 

The FeetForward design was developed into a functional prototype. Each pedal of the 
prototype contained a proximity sensor to detect hovering of a foot and a tactile switch to 
detect pressing. Four pedals were connected to an  Arduino  microcontroller, which was 
connected to a teacher’s laptop computer that ran a dedicated java-based program to 
achieve the personalized operations. 

4.4 Methodology 

The research presented in this chapter was conducted using an approach inspired by 
research-through-design (Zimmerman et al., 2007) and technology probes (Hutchinson et 
al., 2003). We designed and deployed our dedicated interface, FeetForward, with the 
purpose of exploring how peripheral physical interaction could support professionals’ 
routines, and gathering related implications for design. As pinpointed by prior research, a 
process of (motor) learning is needed for any physical or bodily interaction to become 
peripheral (Bakker et al., 2015). We thus deployed the FeetForward prototype in secondary 
school classrooms for a period of five weeks, which would also help obviate the novelty 
effect. Overall, this field deployment was aimed to address following particular questions: 
(1) whether and how FeetForward could enrich teachers’ repertoire of action, (2) what may 
influence a designed peripheral physical interaction to become routine, and (3) whether and 
how foot-based interaction could be utilized in designing peripheral physical interaction. 

4.4.1 Study Setup 

Two  identical  prototypes  of  FeetForward  were  implemented  into  two  classrooms  of  
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Figure 4-2. Examples of feedforward icons we designed to indicate the participating teachers’ 
personalized functions that were assigned to their pedals of FeetFoward. 

different secondary schools. Three teachers (see Table 4-1) participated in the deployment. 
In the following parts of this chapter, we refer to these teachers as Participant A, B, and C. 
A and C taught mathematics at the same school. During the deployment, A taught 5 lessons 
per week in the classroom equipped with FeetForward, while C taught 2 lessons a week in 
that classroom. B taught chemistry at a different school, and she taught 4 lessons a week in 
the equipped classroom. All three teachers had been using interactive whiteboards for 
teaching before this study.  

A FeetForward prototype was installed in each classroom for around two months (see 
Figure 4-3). Due to school holidays and examinations, the actual usage period for each 
teacher was five weeks. At the start of the deployment, we demonstrated the prototype with 
its four pedals assigned to functions we chose based on observations (opening a folder, 
opening a website, opening an application, and switching among opened application). 
Subsequently, we asked each participant to indicate what personalized functions they may 
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want to use, and a researcher implemented these functions into the prototype. During the 
deployment, the researcher visited each participant once a week to see if they wished to 
change the personalized functions. These informal meet-ups also triggered conversations 
between teachers and the researcher, which could reveal additional insights into the use and 
experience of FeetForward. 

Since FeetForward has four pedals, at most four functions could be assigned to it in each 
week. Table 4-1 lists the functions of FeetForward chosen by each participant during the 
whole deployment. As the table shows, we refer to the interactions with FeetForward to 
achieve teachers’ personalized functions as Fi,j. Correspondingly, the interactions teachers 
had been doing before the study through interactive whiteboard or computer to achieve the 
same functions were referred to as Fi,j’. 

During the deployment, each teacher joined four rounds of data gathering: (1) At the 
beginning of the deployment (we refer to it as Week 0), (2) after one week of using 
FeetForward (Week 1), (3) after three weeks of deployment (Week 3), and (4) at the end of 
the five weeks (Week 5). In each round, the teacher was asked to fill in a questionnaire, 
take an interview, and have one of his or her lessons video-recorded.  The researcher was 
not present during these video-recording sessions. Questionnaires and interviews were 
conducted either in the teacher’s classrooms or at the university. 

4.4.2 Questionnaire Design  

The questionnaire used in each round was designed to gather subjective quantitative data on 
the habituation of, and effort required for, interactions with FeetForward. In each data 
gathering round, the participants were asked to rate nine  interactions on  the  Rating  Scale 
Mental Effort (RSME) (Zijlstra, 1993) and on the scale of the Self-Report Behavioral 
Automaticity Index (SRBAI) (Gardner et al., 2012). 

Measures of mental effort (using RSME (Zijlstra, 1993)) have been adopted in related 
studies on peripheral interaction (Bakker, 2013). Interactions which are experienced to 
demand less mental effort are assumed to require less attentional resources, which could 
indicate they may be performed in the periphery of attention.  



98 Designing and Deploying FeetForward 

 

Table 4-1. A list of personalized functions applied by each participant with their descriptions in 
the brackets. The weeks in which each function was implemented were also indicated. 

Participant A Participant B Participant C 

Function (description), week Functions (description), week Functions (description), week 

F1,1 (open folder), 1-5 F2,1 (switch webpages), 1-5 F3,1 (open webpage), 1-5 

F1,2 (switch applications), 2-3 F2,2 (open webpages), 1-5 F3,2 (open “File” menu), 2-5 

F1,3 (open webpage), 2-5 F2,3 (exit virtual desktop), 1-5 F3,3 (switch applications), 1-5 

F1,4 (screen shot), 2-5 F2,4 (resize window), 2-5 F3,4 (open folder), 1-4 

F1,5 (resize window), 4-5 F2,5 (open folder), 1 F3,5 (resize window), 5 

 

SRBAI is a streamlined version of the Self-Report Habit Index (SRHI). SRHI was 
developed as a standardized and reliable scale of habit which contains 12 items. Four items 
of it were selected and validated to construct SRBAI to afford a parsimonious measure of 
habit strength which especially focusing on the characteristic of automaticity (Gardner et 
al., 2012). Automaticity is the key effect led by habit which contributes to peripherality of 
interaction, and parsimony is valuable for this study since multiple interactions were 
assessed over a period of time. As a result, SRBAI was used to evaluate interaction 
behaviors in this study.  

In each session, up to nine interactions were given to a teacher to rate using RSME and 
SRBAI. These included the four functions connected to the four pedals of FeetForward and 
the four interactions which would normally be used to trigger these functions.  Both these 
interactions were included to enable comparison and evaluation of changes in habituation 
and effort over time. For example, Participant A assigned the red pedal of FeetForward to 
the function of opening a frequently used folder. He was therefore asked to rate the 
interaction “opening my frequently used folder with the red pedal of FeetForward” and the 
interaction “opening my frequently used folder with my computer”. Additional to these 
eight interactions, the teachers were asked to rate the activity of “turning on the lamps in 
my classroom” (which we refer to as L). We assumed that this behavior was relatively 
stable  and  habitual  in  teachers’  everyday  routines,  and  unlikely  to  change  during  the  
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Figure 4-3. Teacher A (Left), B (Middle) and C (Right) using FeetForward in their classrooms. 

deployment. This interaction was used as a warm-up item for the teachers in filling in the 
questionnaires, and as a reference for us in analyzing the data. 

4.4.3 Qualitative Data Gathering and Analysis  

We chose a phenomenological approach (Moustakas, 1994) to gather and analyze 
qualitative data. This approach is used to describe and explain lived experiences of several 
(1-10) individuals (Creswell, 2007), which is particularly suitable for answering our 
qualitative research questions regarding the integration of peripheral interfaces in teachers’ 
routines. Qualitative data were collected using semi-structured interviews, as is 
conventional in the phenomenological approach (Starks & Trinidad, 2007). As mentioned 
above, each participant was interviewed four times. Each interview was conducted with an 
individual participant and consisted of three parts, aimed to gain insights into: (1) the users’ 
general experience of using FeetForward including perceived advantages and 
disadvantages, (2) peripherality of the interactions including perceived effort and 
routineness, and (3) the users’ experience of foot-based interaction, their experience in 
learning and practicing how to use the interface, and their allocation of attention to the 
pedals and visual feedforward. Since each participant was interviewed four times, the 
participants usually also reflected on changes in their experiences. 

Using (Anderson & Spencer, 2002) as a reference, the transcribed qualitative interview data 
were analyzed using the following steps: (1) the first author read through the transcripts to 
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gain an overall understanding of the data, (2) phrases or sentences which were considered 
relevant to a research question were highlighted, (3) these selected phrases were clustered 
into emerging topics under each research questions, and finally (4) these clusters were re-
contextualized by adding concrete descriptions provided by the participants. 

4.5 Quantitative Findings 

Self-report Effort. Figure 4-4 shows the results of the Rating Scale Mental Effort (RSME), 
in which teachers rated the mental effort required for interactions with FeetForward, and for 
counterpart interactions with their laptop or interactive whiteboard to achieve the same 
functionalities. It is shown in Figure 4-4 that all the interactions with FeetForward were 
considered as more effortless than those without FeetForward for Peter. For B, FeetForward 
also took much less effort except F2,4 rated in the last week.  C found interaction F3,1 and 
F3,2 are a bit more effortless; F3,3 and F3,4 were felt more difficult than F3,3’ and F3,4'. As 
the comparisons of the medians in Figure 4-4 shows, using FeetForward was generally 
considered no more effortful than performing previously practiced interactions. And it was 
especially considered as more effortless than previous interactions for A and B. 

Self-report Automaticity. Figure 4-5 shows the results of the Self-Report Behavioral 
Automaticity Index (SRBAI), the four-item rating scales participants used to indicate the 
perceived automaticity of interactions to achieve the personalized functions, with and 
without the use of FeetForward. The higher the rating, the more habitual/automatic the 
behavior is experienced. The results in Figure 4-5 indicate that after the deployment, the 
perceived automaticity of most tasks with FeetForward (F1,2, F1,5, F2,3, F2,4, F2,5, F3,3, 
and F3,4) had not increased, even though some of them (F1,5, F2,3, F2,5) were experienced 
as considerably more effortless than their counterparts (see Figure 4-4), and some of them 
(F2,3, F3,3, F3,4) had been implemented for four or five weeks (see Table 4-1). There were 
also some tasks to be found not automatic at all both with or without using FeetForward 
(F1,3, F1,4, F3,1, F3,5, and their counterparts). However, as shown in Figure 4-5, there 
were also a few interactions (F1,1, F1,5, F2,1, F2,2, F3,2) with FeetForward that had 
clearly gained self-report automaticity. For example, data from Week 1 and Week 3 show 
that the automaticity levels of F1,1 and F1,1’ were about the same, but in Week 5, F1,1 had 
become more automatic than F1,1’. F2,2 was evidently less automatic than F2,2’ in Week 
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1, but they had become comparably automatic in Week 3 and Week 5. The same change 
happened to F3,2 from Week 3 to Week 5. Additionally, while F2,1’ is quite automatic to 
B, F2,1 had quickly become automatic (since Week 1), and remained the level which is 
quite close to F2,1’. In general, for most of the interactions with FeetForward, the five-
week deployment might be too short to see an evident increase in behavior automaticity.  
However, a few of operations with FeetForward did show a clear rise of self-report 
automaticity. 

Interaction duration. In order to gain insights into the routineness of the interactions with 
FeetForward, we video-recorded one lesson of each teacher during each data gathering 
session. Additionally, the prototype logged interactions during the deployment. These data 
were used to interpret the duration of each interaction with FeetForward. We defined this 
interaction duration as the duration between the moment the user started to glance down at 
the pedals, and the moment that the user pressed the pedal. This total interaction duration 
consists of two sub-durations: glancing down (from starting to look down at the pedals to 
moving the foot above the pedal and an icon appearing) and foot hovering (from the 
moment the foot hovers above a pedal until the pedal is pressed). These two sub-durations 
were measured separately. Foot hovering was measured by the prototype, using the 
proximity sensor and tactile button. The numbers of interactions logged by the system were 
26 from Peter, 26 from B, and 23 from C. Glancing down was measured through video 
analysis, in which the number of frames within the sub-duration was measured as the 
original value, and converted into seconds (The framerate of the analyzed videos was 
30f/s). The numbers of interactions which were captured by video and analyzed were 7 for 
A, 11 for B, and12 for C. The mean values and standard deviations of interaction durations 
of each participant are presented in Table 4-2. As the table shows, the total durations of A 
and C were below 4 seconds, while B’s duration was  2.68  with the  standard  deviation  of 
1.64 (1.04 ~ 4.32), which is generally below 4 seconds. Therefore we can conclude that 
interactions with FeetForward were mostly performed in less than 4 seconds. This is within 
the duration range of microinteractions (Ashbrook, 2010), which considered a minimal 
interruption of primary tasks according to the Resource Competition Framework 
(Oulasvirta, Tamminen, Roto, & Kuorelahti, 2005). 
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Figure 4-4. Results of RSME. The rated value of RSME could range from 0 to 150: the higher 
an interaction is rated, the more effort a subject experiences. The medians of tasks with/without 

FeetForward during the five-week deployment were also shown. 
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Figure 4-5. Results of SRBAI gathered using 11-point Likert scales, where 1 stands for ‘strongly 
disagree’, 6 stands for neutral attitude, and 11 stands for ‘strongly agree’ to statements of 

SRBAI (e.g., “Behavior X is something I do without thinking.”). The results are represented by 
box-and-whisker plots which indicate median, quartiles, maximum and minimum values. 



104 Designing and Deploying FeetForward 

 

Table 4-2. The results of interaction duration (in seconds), which are formatted as mean ± SD. 

Subject Glancing down Foot hovering Total duration 

A 1.56 ± 0.51 0.54 ± 0.33 2.1 ± 0.84 

B 1.85 ± 0.93 0.83 ± 0.71 2.68 ± 1.64 

C 1.3 ± 0.5 0.97 ± 1.01  1.51 

 

4.6 Qualitative Findings 

In this section, based on the participating teachers’ lived experiences gathered from in-
depth interviews, we address our qualitative findings. In addition to this, we also discuss 
these findings in light of the above reported quantitative results. Specifically, this section 
was aimed for answering our earlier mentioned three research questions for this study: (1) 
whether and how FeetForward could enrich teachers’ repertoire of action, (2) what may 
influence a designed peripheral physical interaction to become routine, and (3) whether and 
how foot-based interaction could be utilized in designing peripheral physical interaction. 

4.6.1 How FeetForward Enriched Teachers’ Repertoire of Action 

Saving Attention and Effort. The repertoire of action refers to the set of ready actions that 
a practitioner can easily draw upon in their busy workaday routines (Schön, 1983; Wenger, 
1998). Our evaluation results show that in general, FeetForward has made some 
interactions of teachers with the interactive whiteboard (IWB) more effortless and less 
focal; as a result, the teachers experienced that these interactions could be more readily 
performed in their moments of busyness. As RSME and interaction duration data shows 
(see Figure 4-4 and Table 4-2), interactions with FeetForward were generally perceived to 
demand no more effort than the existing interactions and were mostly performed within 4 
seconds.  The interviews also revealed that all participants agreed that FeetForward saved 
them time and effort to achieve certain functions. For example, A thought the pedal 
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connected to the function of resizing a window (F1,5) made the task much easier, “because 
it’s hardest to do [with the stylus on the interactive whiteboard]”. B indicated that when she 
was interacting with her computer, “I have to walk [to the desk from the whiteboard] and I 
have to look at the small screen, I have to bend over… and it takes a while.” She thought 
with the task simplified by FeetForward, that “[I] don’t have to walk always from computer 
to board back and forth. It’s much quicker.” and that she could “keep on talking to my class 
while I’m doing it”. C agreed: “It saves me walking to the computer. It helps me not 
concentrating at the computer screen. I look at the pedals and I can also pay attention to 
the pupils.” In summary, by reducing effort, and enacting minimal interruption to the main 
task, FeetForward can possibly enable some side tasks to be performed quasi-parallel with 
other tasks. These experiences hence echo the core intention of peripheral classroom 
technology. 

Fulfilling Practical Needs.  The repertoire of action does not only represent a set of actions 
that can be readily delivered by a practitioner. More importantly, these ready actions ought 
to meaningfully help the practitioner to address practical situations in his/her specific 
context. During the five-week field deployment, the participating teachers have identified 
their own meaningful functions to be assigned to FeetFoward, which they considered to be 
useful in their own lessons. The customizability of FeetForward thereby enabled the 
teachers’ personalized repertoire for using IWB in classroom-teaching.  For example, the 
pedal that had become most habitual to C with FeetForward was connected to the function 
of calling the “File” menu to open recently used files (F3,2, see Figure 4-5). She used this 
function frequently, but the problem she faced without using FeetForward, was that the 
‘open’ button is located at the top area of the interactive whiteboard, and she could not 
easily reach it. “I am not going to jump in front of students”. Therefore, she had to go to her 
computer to fulfil the task. B shared this difficulty with her, “I cannot reach the top 
button”. Besides, she used different web pages in her lessons, thus she chose for a pedal to 
switch between opened tabs whose buttons are on the top area of the internet browser 
(F2,1). This pedal also had gained the most automaticity among the four (See Figure 4-5). 
A’s “most useful” pedal connected to opening a folder which stores resources relevant to 
the current lesson topics (F1,1), and it had become more automatic than the previously 
practiced interaction (using the computer). Although A considered that pedal most useful, 
the other participants did not find this function very relevant. These findings show that 
different functions of FeetForward blended into different routines, which was supported by 
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the open-ended nature of the peripheral interface. Furthermore, we found that this open-
endedness motivated teachers to think about more possibilities of the classroom technology 
which fit their own contexts. B reported that after she got more used to FeetForward, “I 
started to more and more think about possibilities of pedals… you want to make use of it. I 
haven’t tried the possibilities. …I can think about a hundred things to do”. 

Facilitating improvisational use. Practitioners need to frequently rely on the actions 
within their repertoire during their improvisation with the practice context (Moorman & 
Miner 1998; Balachandra et al. 2005). Therefore, if an action is part of a practitioner’s 
repertoire, it should be used by the practitioner frequently and in an improvisational way 
(Moorman & Miner, 1998). Some examples reported by the teachers show that 
FeetForward may have promoted them to use certain functions more frequently, or in a 
more improvisational way. First, as experienced by A and B, FeetForward made them use 
certain functions more often. Before A had the pedal connected to a frequently used folder, 
he already put relevant pictures into that folder with the intention to use them during his 
lesson. However, “I didn’t use it often [...]. Maybe with FeetForward, it’s easier for me to 
access, and I will use it more often”. B talked about the pedal to switch webpages: “because 
I think it’s convenient to switch [using] the pedal, it makes me use the web browser more”. 
That also made her use online exercises more often. “I can switch more easily, so that made 
me search for web-based applications I could use with the students… Instead of assigning 
them as homework, I can use these exercises in the class”. Second, A reported two detailed 
examples suggesting that FeetForward facilitated him to use digital resources in a more 
improvisational way. The first example was about the function of resizing and repositioning 
a window, which he found helpful when two applications needed to be shown or used at the 
same time. Due to the effort required to do this with the stylus, he usually did this before 
the lesson with the computer. “It’s something I do mostly when preparing my lesson... But 
sometimes I have to do when I am in front of the classroom”. Using the pedal, the task 
became easier, especially in unexpected situations. A similar example given by him was 
about the frequently used folder; he normally tried to “foresee” which pictures might be 
used in the lesson and collected them in the document of slides beforehand. But with 
FeetForward, he could quickly retrieve any pictures stored in his picture folder: “when the 
students ask about their homework, and I didn’t anticipate, [...] at that moment we could 
retrieve the picture from the folder with FeetForward”. It is therefore revealed that 
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FeetForward could enable teachers to interact with digital resources in a more 
improvisational way during teaching.  

In summary, as shown by the findings addressed in this subsection, FeetForward generally 
enabled the teachers’ selected interactions with the IWB to be more readily available during 
their busy practice; some of these interactions were experienced to have meaningfully 
fulfilled the teachers’ personal needs in their own lessons; a few detailed examples show 
that FeetForward encouraged the teachers to use certain functions/digital resources on the 
IWB more frequently or in a more improvisational way. Above findings suggest that 
FeetForward indeed enriched the teachers’ repertoire of action for using IWB during their 
classroom-teaching; we thereby have used the design instance of FeetForward to confirm 
and concretize that peripheral physical interaction could be used to meaningfully enrich 
professional practitioners’ repertoire of action (see Figure 4-6). 

4.6.2 How May a Designed Physical Interaction Become Routine 

Although FeetForward facilitated or simplified teachers’ individually relevant side tasks in 
relatively short interaction durations without requiring much mental effort, we had not seen 
that all the new interactions completely became more automatic than previously practiced 
interactions during the five weeks. The study results indicated that it requires a relatively 
long period of time for designed physical interaction to really become peripheral, and many 
factors could have an influence on this process.  In this sub-section, the user’s experiences 
about factors that may influence a new physical interaction to become peripheral and 
routine will be addressed and discussed. 

Consistent Accessibility. Throughout each week, each of our participants taught in 
different classrooms of which only one was equipped with FeetForward. C for example, 
used two classrooms. She thought it would be “really helpful” if prototypes were equipped 
in all classrooms. She spent more time in the classroom in which no FeetForward was 
available. She indicated that, since the two classrooms “look alike, [..] I perceive they [the 
two classrooms] are the same, [..] so I have to remember they [pedals of the prototype] are 
here to actually use them”. Likewise, B emphasized the importance for the classrooms to 
have consistent settings for new technology; “not [teaching] in the same classroom takes 
long time for me to get used to it [FeetFordward]”. To explain this further, she indicated 



108 Designing and Deploying FeetForward 

 

that “working in different classrooms is like cooking in different kitchens …it takes me a 
while to adjust …”. The inconsistency of the settings demanded an extra mental effort to 
adapt to, as B said, it “requires thinking”, which made it difficult to adopt the new 
technology. In C’s thought, if FeetForward would only be available one classroom, “most 
of the teachers will just use the whiteboard [not the pedals]”. As experienced by our 
participants, consistent accessibility is important for a new technology to blend into a 
teacher’s routines. 

Existing Habits. Due to the function of FeetForward, we were able to compare effort and 
automaticity of interactions with the pedals to those of interactions teachers had been 
previously doing, to achieve the same operations. As seen in respectively Figure 4-4 and 
Figure 4-5, we found that although some interactions with FeetForward were rated as more 
effortless than the existing interactions, perceived automaticity of these interactions had not 
exceeded the existing ones during the deployment. All participants reported several times in 
interviews  that  they  sometimes  forgot  to  use  the  pedals,  but  automatically  used  their  

 

Figure 4-6. As above findings suggest, the field deployment of FeetForward helps us to 
concretize how peripheral physical interaction could meaningfully enrich professional 

practitioners’ repertoire of action.   
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computers or whiteboards. For example, “Afterwards… [I noticed] Oh I could have used 
FeetForward” (A), or “When I want to open my frequently used folder, the first thought is 
to go to the computer. [..] Sometimes on my way to the desk and I think oh wait I can use 
the pedal” (C). B indicated that she forgot to use FeetForward especially when 
experiencing high mental load or stress, for example, when “the lesson isn’t going as I 
planned”. She furthermore mentioned, “When something happened, you have to switch to 
your automatic pilot”. Although walking to the computer to operate the interactive 
whiteboard may objectively be less economical compared to using FeetForward, it seems to 
be strongly habitual. Given the attention demanding nature of teacher’s main tasks, it seems 
that side tasks are prone to be performed in a habitual way. Such strong existing habits 
seem difficult to be caught up with by a new habit; the period of five weeks may not have 
been enough to completely achieve this. 

Frequency of Practice. Repetitive performance in certain context gradually raises the 
automaticity of a certain behavior  (Wood et al., 2002). Although using the pedals did not 
exceed existing habits in automaticity during the deployment, all participants agreed that 
their frequency of usage effected how they got used to FeetForward. “The less I used it, the 
less automatic it is” (C). C believed that using the prototype “continuously” and 
“repetitively” would help it to become part of her routines more quickly. The deployment 
of FeetForward was conducted in the last two months of a semester. Therefore, the three 
teachers had fewer lessons to teach than earlier in that semester. As A experienced, 
“teaching frequency is at low point”, and “if I had more lessons, the more quickly I will 
adjust to FeetForward”. Besides lesson schedule and perceived usefulness, it was also 
pointed out by the teachers that the physical presence of a new technology may have an 
influence on the frequency of its usage. As mentioned in the previous sub-subsection, 
participants sometimes forgot to use FeetForward. However, the visibility of the prototype 
reminded our participants to use the new technology, when they came into the classroom. 
“It’s visible because it’s on the floor” (B). “When I come in I see them [the pedals] when I 
switch on the board the pedals are under it” (C). Additionally, A thought the physicality of 
FeetForward had benefits “because it’s a physical button, it’s not part of the smart board”. 
When he was using the interactive whiteboard, “actual computer functions, they are more 
in the back of my head… maybe the physical buttons make me use some computer functions 
more often”. This could indicate that, because the pedals offer users physical affordance, or 
inherent feedforward (Wensveen et al., 2004) to some functions which were previously 
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hidden behind the interface of interactive whiteboard, these functions might be more 
frequently used.  

Learnability. As an open-ended system, FeetForward required participants to map the four 
pedals to four customized functions. It took longer than expected for teachers to remember 
these functionalities. “Four pedals are quite a lot”, A experienced, “it will take time for us 
to remember which pedal does what”. B indicated “I still have to think about the color. I 
made mistakes… I have to remember [the colors]”. During the deployment, we found that 
the position and order of the pedals were remembered by the teachers earlier compared to 
the colors. A indicated that when he was glancing down at the pedals, what he attended to 
was “positions of the four pedals mostly, not onto colors”. In B’s classroom, she located the 
green and the yellow pedal at the left and right ends under the board. And for her, “the 
green and yellow ones are first to remember… The left the right, they are at the ends, easy 
to locate”. Similarly, C indicated that it was easier for her to remember “Positions, not the 
colors… If you change the color to all yellow, I don’t think it will make a difference to me”. 
Clearly, the functions of pedals were first remembered by the teachers using spatial 
memory. 

4.6.3 Foot-based Peripheral Physical Interaction 

Challenges. Foot-based interaction was new to our participants and may be new to many 
users. This seems to have made it more difficult for users to habituate to it. “If the pedals 
would have been here when the smart board has been, then I would probably use them 
equally, I guess” (A). At a standing posture, users’ lower limbs have to support their body 
weight. This implies a limitation of foot-based interaction in terms of standing posture. A 
told us that it was not convenient for him to switch from pedals close by to the pedal far 
away; “[I] have to move my supporting foot”. However, such a situation seemed to only 
occur in the beginning of his learning process when he still had to check the icons to know 
which pedal is mapped to which function. Otherwise, a teacher will be unlikely to switch 
pedals during an episode of interaction with FeetForward, since no combination of pedals is 
needed when using FeetForward. C experienced that it is more difficult to interact with 
pedals when wearing high heels; “I am afraid to lose my balance. High heels are not 
practical in classrooms”. C also imagined that if a foot task is intensively interleaved with a 
manual task at the same time, switching eyesight between the board and the ground will be 
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“effortful”, “because you have to move your eyesight and mind”. However, based on our 
earlier mentioned video analysis, such a scenario with intensively interleaved foot and 
manual tasks has not occurred. As we have observed, during each episode of use, all the 
teachers only glanced down once (within 2 seconds in average, as reported earlier in Table 
4-2) to quickly locate the needed pedal, and after that, they did not need to switch eyesight 
back to the pedals. This was because FeetForward has been designed to only require 
teachers to tap one pedal in each episode of use.  

Benefits. Despite the above revealed challenges, we believe that foot-based interaction 
seems promising for peripheral physical interaction. This can also be supported by the 
participating teachers’ experiences. C thought that foot-based interaction was supportive to 
the main tasks she performed on the interactive whiteboard. “I think it adds something, 
adds some more options”. It was especially helpful when her hands were occupied, or when 
she had to operate the top area of the display. “I use my pen to interact with whiteboard, 
and I am right handed, when I want to click on it I have to give the pen to the left hand… 
Top part, I have to jump toward it”. Similarly, B described specific moments in which she 
experienced foot-based interaction as supportive; “I had four test tubes, I was holding them, 
and they [students] had questions, and I had to go to different slides [to explain the 
question].” Moreover, since the feet are within the user’s eye-sight, the teachers could 
easily get used to the interface, as also evidenced by the observation that interactions were 
often preceded by briefly looking down at the pedals (See Table 4-2).  

4.7 Discussion and Implications 

As addressed above, through the field evaluation of FeetForward, we have gathered rich 
empirical findings of how this design of peripheral physical interaction was used by the 
teachers in their real-life practice context, as well as what the teachers’ user experiences 
are. Based on these findings, we now summarize and discuss related implications about 
designing peripheral physical interaction for supporting professionals’ routines. 

Towards enhancing practitioners’ improvisation involving technology. As shown in our 
findings, peripheral physical interaction indeed seems promising in helping professional 
practitioners to integrate technology use into their skill repertoire in their front-stage 
routines. We argue that such integration may potentially enhance professionals’ capability 
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of coping with their complex and uncertain practical situations since technology support 
can be more readily relied on in an improvisational way. This could be implied by our 
design exploration of teachers. Namely, in current classrooms, in which no peripheral 
interaction designs are installed, teachers tend to perform many computer-related tasks 
during lesson preparation. For example, A prepared pictures for students, or opened and 
resized the windows of applications, and B opened webpages she wanted to use before the 
lesson. This often made them feel pressured at the start of lessons (as also found in Chapter 
3). However, such preparations are convenient because conducting these operations ad-hoc 
during lessons demands effort and attention away from the main task of teaching. It is 
therefore suggested that current classroom technologies do not seem to be closely involved 
in teachers’ improvisations during their front-stage routines. 

In our field study with FeetForward, we have compensated some of these attention-
demanding interactions by more readily available foot-shortcuts. Our findings show that 
although teachers need to get used to these new interactions, they seem to demand less time 
and effort and therefore potentially shift to the periphery of attention where they can be 
performed in parallel to main tasks. Additionally, we found that the open-endedness of the 
peripheral interface enabled the teachers to blend their personally meaningful functions into 
their own routines. As we discussed, the personalized functions with FeetForward which 
were found to have perceivably gained automaticity seemed also to be especially relevant to 
teachers. More importantly, as revealed by the earlier presented examples, FeetForward 
made the teachers use certain functions more frequently and in a more improvisational way. 
Given these promising findings, we argue that by enriching professional practitioners’ 
repertoire of action, peripheral physical interaction may help them to more seamlessly 
utilize technology in their improvisation with the complex, uncertain situations in practice. 
As a result, it seems meaningful for future related design explorations to pertinently 
investigate how professional practitioners’ improvisation (Balachandra et al., 2005; Schön, 
1983) in front-stage routines can be mediated by HCI systems of peripheral physical 
interaction. 

Facilitating the learning of peripheral physical interaction. Interactions that are capable 
to be performed peripherally are meaningful for users whose attentional resources are 
occupied by multiple tasks (e.g. professional practitioners in their front-stage practice). 
However, a learning process is needed before a physical (sensorimotor) interaction could 
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become peripheral. As earlier mentioned, such process is related to motor skill acquisition 
(Dayan & Cohen, 2011), habituation (Wood et al., 2002), or behavior automatization 
(Gardner et al., 2012), which have been studied by cognitive researchers. It is not easy for 
users to add new sensorimotor actions into their flow of routines, and it is especially 
difficult if the new actions compete with a previously practiced action, as revealed by our 
study. It has also been found that perceived relevance, consistency, and learnability of the 
interface and frequency of use could have effects on the habituation of new interactions. 
These factors need to be considered while designing for habituation. Through the 
deployment, we found that flexibility of personalization of the new technology helped itself 
to identify the individually relevant function and make its way to blend in differentiated 
routines of the teachers. Consistency may be important for any interface, but they are 
especially crucial for peripheral interfaces since peripheral, or automatic behaviors only 
involve limited attentional resources and therefore are less sensitive to changes in the 
context (Wood & Rünger, 2016). For example, in our study, teachers experienced that if all 
of their classrooms were equipped with FeetForward, they would get habituated to it more 
quickly. It is also very important for a designed peripheral interaction to be easy to learn 
and practice (Bakker et al., 2015). By inquiry into how the teachers remembered the 
functions of FeetForward, it has been found that spatial memory may play an important role 
in getting habituated to a new interface, which can be further exploited in the design of 
peripheral interaction (as also explored by related work such as (Hausen et al., 2013)). It 
was also found that the physical presence of FeetForward served as an intuitive cue for the 
users to practice using it, and it also provided affordances for some computer functions that 
are otherwise “hidden” in the interactive whiteboard. Inspired by this we believe that more 
functions could be derived from the current centralized interfaces (such as computer, 
interactive whiteboard), and distributed into physical objects (such as a pedal, a pen, or a 
wearable) around teachers to make these functions more visible and accessible and 
therefore easier to be practiced and used ad-hoc. Additionally, our study also implied that 
although some interactions were considered effortless, it didn’t necessarily mean that they 
were at the moment with enough peripherality to be performed automatically by the users. 
Therefore, behavior habituation, or automatization could be used as additional assessments 
in longitudinal evaluations of peripheral physical interactions.  

Leveraging foot-based interaction. The study presented in this chapter explored foot-
based interaction as a means to peripherally interact with large displays while in standing 



114 Designing and Deploying FeetForward 

 

posture. Based on the experiences of our participants, we have seen that foot-based 
operations can help users to interact with components which are far to reach (e.g. the top 
area of the display). Furthermore, with feet leveraged for supportive or secondary tasks, 
users could utilize their hands for more relevant or elaborate tasks, which may enhance 
quasi-parallel task performance (e.g. using a stylus, or holding demonstration materials). 
However, our study also revealed challenges, which should be considered when designing 
foot-based peripheral interaction. While the fact that our participants could visually see the 
interface made it easier to get used to the interactions (possibly using peripheral vision), 
such foot operations should not demand focused visual attention, since the eyesight switch 
from the display to the foot area can result in unwanted interruptions. Therefore, it could be 
helpful to consider how to make the foot interface easy to locate and to operate through the 
user’s peripheral vision. Additionally, we found that, with the interface designed for a 
standing posture, it can be challenging for users to keep balance, for example when the user 
has to frequently move the supporting foot to reach a certain part of the interface. Lastly, 
based on our gathered user experiences and our own experiences of designing FeetForward, 
we recommend two practical tips that can contribute to the user experiences of a foot-based 
interface for users in a standing posture. First, we recommend that designers make sure 
users’ foot does not have to be tilted very high: e.g. the FeetForward pedal design is 
intended to enable toe-tapping of users which is easy for standing posture, see Figure 4-1. 
Second, we suggest that the pedals (or other forms of foot-based physical interfaces) should 
be made easy to recognize through users’ peripheral vision, in order to possibly reduce their 
effort in glancing down: e.g. the pedals of FeetForward could possibly be improved by 
enlarging their colored labels or by painting them completely in different colors. 

4.8 Conclusion 

In this chapter, we presented FeetForward, a foot-based Interface aimed to support 
teachers’ use of the interactive whiteboard during classroom teaching. Designed to enable 
peripheral physical interaction, FeetForward was considered to facilitate side tasks for 
teachers and was operated in short periods of time with minimal interruptions to the main 
tasks. It was experienced to support multiple-task situations as well as ad hoc and 
improvisational use of technology while teaching. Due to these findings, FeetForward can 
be used as an instance to confirm and concretize that peripheral physical interaction could 
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be designed to meaningfully enrich professional practitioners’ repertoire of action in their 
front-stage routines. However, it was also shown that a field deployment lasting five weeks 
was not long enough for foot-based interactions with FeetForward to exceed the previously 
practiced interactions in terms of behavior automaticity. Although using FeetForward was 
objectively economical, occasionally, previous interactions were subconsciously performed 
especially while the users are with relatively high mental-load. This indicates that a 
prolonged deployment will be needed in order to see FeetForward being fully integrated 
into the users’ habitual task flow. Nonetheless, a few tasks with FeetForward which are 
especially individually meaningful to the users had gained perceivable automaticity during 
the deployment, showing the potential of FeetForward to blend into different routines of the 
teachers. Based on our findings, we described in detail how the customizable shortcuts of 
FeetForward added to the teachers’ own repertoire for teaching, and what factors may 
influence a designed peripheral physical interaction to become routine, as well as the 
opportunities and challenges of employing foot-based interaction into peripheral interaction 
design. Subsequently, we summarized and discussed the major implications we learnt from 
this design exploration. Consequently, this chapter presents an instance as well as a set of 
implications about designing peripheral physical interaction to support front-stage routines 
of professional practitioners. 



 

 



 

Chapter 5.                                          
Designing and Deploying ClassBeacons∗ 

Abstract: This chapter explores how to support professional practitioners’ routines through 
peripheral information display. Specifically, we present the design and evaluation of 
“ClassBeacons”, a distributed peripheral information system that helps teachers reflect on 
how to divide time and attention over students throughout a lesson. The ClassBeacons 
system consists of small lamps placed on students’ desks. Each lamp slowly turns from 
yellow to green as the teacher continues spending time around it helping adjacent students. 
In this way, these lamps subtly depict the teacher’s current distribution of whereabouts over 
the classroom, which is expected to help the teacher momentarily reflect on how to allocate 
time and attention to students during classroom teaching. Based on interpreting related 
theories on reflection-in-action, we hypothesize this peripheral information display could 
enhance teachers’ reflection-in-action during their classroom routines. To evaluate 
ClassBeacons, we first examined the design idea of ClassBeacons with four educational 
experts to explicate the potential values of visualizing such information in classroom 
teaching. After that, we conducted a field evaluation with eleven secondary school teachers 
in 22 of their lessons. The lived experiences from the teachers regarding using 
Classbeacons have been analyzed through a qualitative content analysis. Our results 
provide rich examples demonstrating how ClassBeacons unobtrusively facilitated teachers’ 
process of reflection-in-action, including their sense-making of current teaching 
performance as well as modification of upcoming interaction with students. Furthermore, 
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the Classbeacons system was also experienced to have unremarkably blended into teachers’ 
nomadic and busy routines, triggering their quick reflections in the midst of various 
teaching activities carried out in different locations of the classroom. These findings 
therefore concretize how a peripheral information display could be designed to enhance 
professional practitioners’ reflection-in-action. Accordingly, we summarize and discuss 
related implications for design. 

5.1 Introduction 

In Chapter 4, we have explored the design of peripheral physical interaction. In this chapter, 
we explore another type of peripheral HCI systems, peripheral information displays, which 
unobtrusively convey information to which users do not have to pay continuous focal 
attention to perceive it. This exploration intends to address our Research Objective 3: that 
is, to explore how peripheral information display could benefit professional routines and 
probe related design implications. Peripheral information display, as introduced in Chapter 
2, has been extensively studied by prior research under the terms such as ambient 
information system (Pousman & Stasko, 2006), or peripheral display (Matthews et al., 
2007). However, little studies have been found to examine whether and how such display 
systems could benefit the complex and intensive routines of professional practitioners in 
their front-stage practice. To further investigate this, we present the design, implementation, 
and evaluation of “ClassBeacons”, a system meant to unobtrusively enhance teachers’ 
sense-making during classroom teaching. 

The ClassBeacons system is designed to facilitate teachers’ sense-making on a specific 
aspect: how to divide their time and attention over students during a lesson. Such reflection 
is related to an important part of teacher performance called teacher-student proximity 
(Kale, 2008), which has been considered to have a major influence on learning activities by 
related research in educational science (Gunter, Shores, Jack, Rasmussen, & Flowers, 1995; 
Kale, 2008). For instance, students who are physically near to the teacher may receive more 
caring, or they may be more engaged in learning. As a result, teachers are increasingly 
expected to reflectively manage their whereabouts in the classroom throughout a lesson, so 
that they can properly deliver teacher proximity to positively influence learning activities. 
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However, given their intensive and complex routines in classroom teaching  (Brante, 2009; 
Doyle, 1977), it can be difficult for teachers to keep track of their whereabouts throughout a 
lesson. For example, a teacher may subconsciously spend too much time with a few active 
students while unintentionally ignore the others. To help teachers more reflectively manage 
their whereabouts, the ClassBeacons system shows information to teachers about how they 
have spent time with students in different locations of the classroom. Specifically, as Figure 
5-1 shows, the display of ClassBeacons consists of small ambient lamps placed on students’ 
desks. Each lamp can slowly turn from yellow to green as the teacher spends time around 
the lamp helping adjacent students: the longer the teacher has been around it 
accumulatively in the present lesson, the greener it will become. In this way, these ambient 
lamps serve as spatial pixels distributed over the classroom to subtly depict the teacher’s 
unfolding distribution of teacher-student proximity. Teachers are therefore expected to 
receive the depicted information at a glance during teaching, and use this information to 
momentarily reflect on how to divide time and attention over the students in the midst of a 
lesson (i.e. reflection-in-action).  

Our study of the ClassBeacons system contained two parts: an expert review to examine its 
design idea as well as a field evaluation to investigate how this system was used by teachers 
in real-life classroom-teaching. Although teacher proximity has been increasingly valued by 
educational studies (Kale, 2008), no existing HCI system is known to gather or visualize 
teacher proximity data. We thereby have carried out an expert review with four educational 
researchers to speculate whether and how technology systems visualizing teacher proximity 
might benefit classroom pedagogy. Having verified its design idea through the expert 
review, we evaluated the working system of ClassBeacons with eleven secondary school 
teachers in 22 of their lessons (two per participant). Data gathered through self-report rating 
scales, system tracking, and in-depth qualitative interviews have been analyzed. Rich 
examples reported by the teachers demonstrate how the display of ClassBeacons 
unobtrusively triggered the teachers to think about their accumulated whereabouts during 
teaching, which helped them to make sense of their ongoing performance, or modify their 
upcoming interaction with students. Furthermore, the teachers’ lived experiences revealed 
how this distributed peripheral information display was unobtrusively used by the teachers 
in the midst of various teaching activities around the classroom. Based on the evaluation 
findings, we summarize a set of implications about designing peripheral information 
display for unobtrusively enhancing professional practitioners’ reflection-in-action. 
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Figure 5-1. (a)(b): ClassBeacons system (c): each lamp depicts how long the teacher has been 
around it by changing from yellow (no time spent) to green (440 seconds spent) (d): the system 

supports teachers’ reflection-in-action on how they have divided time and attention over 
students in the classroom (e): the display is based on teachers’ real-time positioning data. 
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In the following of this chapter, we will first address related work which includes prior 
design explorations on the peripheral information display, theoretical accounts for 
reflection-in-action, existing techniques to support teachers’ reflection, as well as studies on 
teacher-student proximity. Following this, we introduce the design rationale of the 
ClassBeacons system, and the set-up of its evaluation (including the expert review and the 
field deployment). Subsequently, the results of the expert review, as well as the field 
evaluation, are presented and discussed. Finally, related design implications regarding 
peripheral information display are addressed based on our empirical findings. 

5.2 Related Work 

5.2.1 Peripheral Information Display 

Inspired by the vision of Calm Technology (Weiser & Brown, 1997), a large body of HCI 
research has been focused on presenting information in the periphery of users’ attention. 
Numerous design cases of such peripheral information displays are presented under the 
terms of ambient media (Ishii et al., 1998), ambient information system (Pousman & 
Stasko, 2006), peripheral display (Matthews et al., 2007), awareness system (Markopoulos 
& Mackay, 2009), information decoration (Eggen & Van Mensvoort, 2009), etc.  

One of the early examples of peripheral information display can be dated back to 1997 
when Weiser and Brown introduced the Dangling String in their paper presenting the vision 
of Calm Technology. Dangling String is driven by a motor and spins according to the 
busyness of the network communication within the Ethernet cable. Hence it unobtrusively 
presents the information about network activity within the workplace. In the same year, 
Ishii and Ullmer introduced the idea of “tangible bits” (Ishii et al., 1998) which consists of 
“ambient media” to enable users’ awareness of “background bits” of a computing system 
“at the periphery”. Continuing the exploration of presenting background information at the 
periphery, Ishii et al. presented the installation of Pinwheels (Ishii et al., 2001) which 
contains a set of pinwheels installed near the ceiling and can represent the activity of people 
in the room through the motion of the pinwheels. Along a similar trend, Eggen and 
Mensvoort (Eggen & Van Mensvoort, 2009) proposed the idea of “information decoration” 
with a design example called Data Fountain. Data Fountain is a full-sized functional 
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fountain with three upright water streams. The heights of the three streams are respectively 
mapped to the values of the dollar, euro, and yen. Data Fountain meant to calmly present 
the currency information to people who find it relevant, as well as to serve as a decoration 
in the environment without imposing information load onto people without interest to know 
it. As examples addressed insofar suggest, the peripheral information system can be helpful 
to support peripheral awareness of multiple co-located users. As a result, it has been 
designed for and studied in the context of classroom pedagogy. 

A number of peripheral information displays have also been designed for classrooms. For 
example, Lamberty et al.’s (2010) system displayed challenges different students were 
working on in the lesson to create peer awareness. ClassSearch (Moraveji et al., 2011) 
presented web search behaviors in the classroom to ease teacher-led discourse and group 
awareness. Lernanto (Van Alphen & Bakker, 2016) displayed students’ real-time 
performance to inform the teacher during differentiated instruction. Sturm et al. (Sturm et 
al., 2006) envisioned a system to support lecturers by displaying the attention/interest level 
of students.  

Above mentioned related designs are centralized information systems which present 
information through a single display on the wall of the classroom (Lamberty et al., 2010; 
Moraveji et al., 2011; Van Alphen & Bakker, 2016). Given the distributed nature of 
proximity information, however, ClassBeacons is designed as distributed peripheral 
information display whose display media are physically distributed in a classroom. Few 
related studies on distributed peripheral information systems are known in the classroom 
context. Lantern (Alavi & Dillenbourg, 2012) supports communication between learner-
teams and university teaching assistants by enabling teams to indicate their work progress and 
help-requests on light-objects. Lantern is proven to effectively ease help-seeking and tutoring 
processes. FireFlies (Bakker et al., 2013) supports short and quiet teacher-student 
communication by enabling a primary school teacher to control the color of each student’s 
individual light-object. Although relatively fewer design explorations can be found in this 
sub-area, the mentioned studies have suggested that distributed display is a meaningful 
approach to present information in the classroom settings. Such displays enable a direct 
mapping between the information and the student (or location) in the large space of a 
classroom. This direct mapping may enable teachers’ direct (peripheral) perception of 
relevant information. No interpretation was needed to figure out which information belongs to 
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which group (or individual). Based on these related works, we consider distributed peripheral 
information display a promising paradigm for unobtrusively supporting teachers’ RiA. 
Therefore, the ClassBeacons system has been designed as a distributed peripheral information 
display, to examine how its spatial distribution could offload (Hutchins, 2005; Risko & 
Gilbert, 2016) teachers’ cognitive task of reflection-in-action. 

5.2.2 Summarizing the Theoretical Account of Reflection-in-action 

In this chapter, we aim to explore how peripheral information display could unobtrusively 
benefit professional practitioners’ sense-making in their busy and intensive work routines, 
i.e. their reflection-in-action. The notion of reflection-in-action (RiA) has been elaborated 
in Chpater 2. However, different from the concept of repertoire of action, reflection-in-
action is a rather complex concept that has influenced many different practical or 
theoretical domains (Slovak, Frauenberger, & Fitzpatrick, 2017; West, 2013). After Schön 
has originally proposed the notion of reflection-in-action (Schön, 1983), various 
interpretations of this term exist (Eraut, 1995; Yanow & Tsoukas, 2009). For this reason, in 
this subsection, we briefly summarize our examined theories in Chapter 2, including 
Schön’s original work  (Schön, 1983, 1987) and that of his successors and critics studying 
the teaching profession (Adler, 1991; Eraut, 1995; Hatton & Smith, 1995; Yanow & 
Tsoukas, 2009), in order to explicitly present our interpretation of reflection-in-action.  

In short, reflection-in-action means the reflection that practitioners do in the midst of 
actions, in order to inform their ongoing performance. It is different from reflection-on-
action (Schön, 1983): the reflection performed out of or away from the action (Eraut, 1995), 
and often intended to impact the performance in future episodes of practice. Professionals 
have to rely on their established routines in their workaday practice. However, they may 
suffer from rigidity if their practice is ‘over-routinized’. For this reason, it is crucial for 
professional practitioners to perform reflection-in-action, in order to facilitate their 
responsiveness and improvisation in each unique episode of practice. RiA can be explained 
by the following core characteristics: 

C1. Concerning ongoing performance. The content of RiA concerns the ongoing 
performance and helps practitioners make sense of the situation at hand, or modify 
upcoming actions accordingly (Hatton & Smith, 1995; Schön, 1983). 
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C2. Context-dependent. RiA is highly context dependent. It relies on teachers’ 
practical understanding of their own practice context  (Schön, 1983, 1987). Thus 
different teachers can give different interpretations of a similar phenomenon 
(Schön, 1983; Yanow & Tsoukas, 2009). 

C3. Occurring in action. RiA occurs in action. It is interleaved with and beneficial to 
the ongoing performance, rather than interfering with it (Schön, 1983, 1987). 

C4. Short time-frame. RiA happens at the moment that “action can still make a 
difference to the situation” [46 p.62]. Due to the rapid pace of teaching, teachers’ 
time-frame for each RiA is relatively short (Eraut, 1995; Yanow & Tsoukas, 
2009).  

C5. Both conscious and intuitive. Due to their intensive actions and limited time and 
attentional resources, teachers’ RiA is conscious but often not very elaborate 
(Eraut, 1995; Schön, 1983). It somewhat relies on their intuitive ‘feel for’ things or 
tacit know-how (Schön, 1983, 1987). Thereby they can assess the situation 
quickly, avoiding their reflections interrupting the flow of practice. 

As suggested by related works, RiA can be shaped by media such as practitioners’ 
repertoire, artefacts, or materials (Schön, 1983; Yanow & Tsoukas, 2009). But little is 
known about how such media (e.g. HCI systems) mediate RiA (Schön, 1983; Slovak et al., 
2017; Yanow & Tsoukas, 2009). This has been a motivation for our inquiry.  

5.2.3 Existing Techniques to Support Teachers’ Reflection 

Like in many other professions (Schön, 1983, 1987), reflection-in-action is seen as a 
significant competence for teachers (Hatton & Smith, 1995). It helps teachers in the midst 
of teaching to deliberate on the (unique) situation at hand and adjust their performance 
accordingly. RiA is known to help avoid rigidity in teachers’ intensive workaday routines, 
to enable self-renewal of teaching behavior, and to promote learner-centered pedagogy 
(Abell, Bryan, & Anderson, 1998; Hourigan, 2006; West, 2013).  

The ALACT model (Korthagen & Kessels, 1999) is widely used by studies in teacher 
education to describe and train teachers’ reflections. It is named after five stages that 
comprise an ideal circular process of teachers’ reflection: Action, Looking back on the 
action, Awareness of essential aspects, Creating alternative methods of action, and Trial. 
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Although the ALACT model applies to reflections both in and away from teaching, it is 
developed with the ultimate goal to help teachers incorporate such a reflective process in 
teaching, i.e. reflection-in-action (Korthagen & Kessels, 1999). We have used the ALACT 
model to interpret our empirical data to assess how the evaluated peripheral information 
display supported teachers’ RiA at different stages in the reflection process.  

Classroom-teaching is characterized by intensive tasks, interruptions, and multitasking 
(Brante, 2009). As RiA means simultaneous reflecting and teaching, it is a skill that 
requires years of teaching practice (Sabers et al., 1991). In teacher education realm, many 
techniques are known to train teachers’ reflectiveness (Hatton & Smith, 1995). For 
example, video-cases (Abell et al., 1998; Boling, 2007; Hourigan, 2006; Kale, 2008; M. S. 
Smith, 2005; West, 2013) help teachers relate their practice to video examples. Keeping 
journals and oral interviews (Adler, 1991; Hatton & Smith, 1995; Schön, 1987) help 
teachers explicitly reflect on their teaching. Although the ultimate aim of such training 
techniques is to enable teachers’ RiA (Hatton & Smith, 1995; Korthagen & Kessels, 1999),  
they rely on triggering teachers’ reflections out of their lessons, i.e. reflection-on-action 
(Schön, 1983). Contrarily, synchronous coaching (Hooreman, Kommers, & Jochems, 
2008), in which a coach remotely monitors and directly instructs a teacher via an earpiece, 
enables teachers to optimize performance during teaching. While effective, these 
techniques are costly and time-consuming and may thus only be accessible for teachers in a 
training program.  

Little technologies are known to enhance teachers’ RiA in real time during teaching. At the 
intersection of HCI and education, while some designs aim at supporting teachers’ in-lesson 
routines (e.g. orchestration or using digital resources) (Alavi & Dillenbourg, 2012; Bakker 
et al., 2013; Dillenbourg, 2013; Goldman, Pea, & Maldonado, 2004; R. Quintana, 
Quintana, Madeira, & Slotta, 2016; Tissenbaum, 2014), only very few of them aim to 
support teacher’s reflection. E.g. Lernanto (Van Alphen & Bakker, 2016) visualizes the 
real-time performance of students on the back-wall of the classroom to support teachers’ 
deliberation on differentiated instruction. Group Spinner (Kharrufa, Rix, Osadchiy, Preston, 
& Olivier, 2017) supports teachers’ reflection by enabling them to log and visualize 
observed learner behaviors via a graphical interface.   
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While these related works may suggest an emerging interest in supporting teachers’ 
reflection, there still lacks empirical knowledge about whether and how such designs 
support RiA. This reflects a more general challenge in HCI: despite the increasing interest 
in designing for reflection (Slovak et al., 2017), little is known about how technology can 
support the process of RiA, to inform future designs (Slovak et al., 2017). With rich 
empirical data, this chapter aims to shed light on how technology can mediate teachers’ 
RiA. 

5.2.4 Teacher-student Proximity 

Teacher-student proximity (Kale, 2008) is a relevant but challenging aspect to reflect on 
during teaching. Physical proximity is on the implicit level of interpersonal interaction when 
compared with verbal communication; however, research conducted in the second half of the 
20th century (Hall, 1963; Hall et al., 1968; P. W. Miller, 1988) emphasized that physical 
proximity plays a significant role in communicating non-verbal messages to people (e.g., a 
feeling of rejection or acceptance), and therefore should be paid careful attention to by 
educators. In the domain of educational science, teacher-student proximity is increasingly 
suggested to have a major influence on learning behaviors and teacher-student interactions 
(Kale, 2008; Macheridis & Paulsson, 2016; Mainhard, Brekelmans, & Wubbels, 2011; Pianta, 
2012; Sills-Briegel, 1996). For example, students sitting near the teacher may be more 
engaged with learning tasks or receive more caring. For this reason, a number of works 
(Caldwell, 1979; Gunter et al., 1995; Shores, Gunter, & Jack, 2017) have studied how 
teachers could intentionally use the proximity-control technique to achieve desired behavior 
changes of students (e.g., reduced inappropriate behavior or increased engagement). These 
studies propose teachers to deliberately reflect on and manage proximity as a resource to 
positively influence learning behaviors. However, in practice, due to the intensity of teaching, 
it can be challenging for teachers to deliberately monitor their whereabouts, and provide a 
proper amount of proximity to each student. For example, a teacher might spend too much 
time with active or loud students while subconsciously ignoring others. On top of that, 
teachers usually only receive feedback on their proximity distribution in training settings 
when an observer is present in their classroom. In these cases, the feedback is given after the 
lesson (Kale, 2008; Sills-Briegel, 1996). As a result, teacher proximity provides a specific 
opportunity for us to study how technology can support teachers’ reflection-in-action. 
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5.3 Designing ClassBeacons 

This chapter aims to study how a peripheral information display can support professionals’ 
reflection-in-action. To this end, we designed ClassBeacons, a peripheral information 
display which reveals teachers’ proximity information (see Figure 5-1). ClassBeacons 
continuously collects data of a teacher’s positioning and heading in the classroom through a 
wearable sensor, see Figure 5-3. Based on these data a set of small physical lighting devices 
distributed over the classroom shows the teacher’s proximity distribution. Each lighting 
device changes gradually from yellow to green, indicating how long the teacher has been 
around that device: the more time the teacher has spent around it, the more towards green it 
will change (see Figure 5-2). Beacons originally refer to the luminous objects signaling or 
guiding ships in the sea. ClassBeacons is also intended to provide supportive information to 
teachers in their intensive and complex journey of teaching in the classroom. This section 
introduces ClassBeacons  and explicates why we believe this design to be a suitable tool to 
gather empirical data on how a designed system can mediate professionals’ reflection-in-
action.In order to evaluate this concept in a real classroom setting, we developed a working 
prototype of ClassBeacons, presented in detail in the upcoming sections. 

5.3.1 Wearable Tracking Technique 

Teacher’s physical proximity to students could be reflected by the teacher’s location 
distribution in space over time. A wearable solution was designed to track teachers’ real-
time location. These location data were gathered using an indoor positioning sensor kit 
(https://www.pozyx.io/). The kit consists of four ‘anchors’ placed on stands in four corners 
of the classroom and one ‘tag’ which is implemented in a garment worn by the teacher, see 
Figure 5-3. The tag and anchors communicate through ultra-wideband communication 
(Ingram, Harmer, & Quinlan, n.d.) to sense the positioning of the tag in a constructed 
Cartesian  space  (coordinate  value  of  X, Y).  This kit was chosen because of its high 
accuracy (close to 10cm level, see https://www.pozyx.io/), compared with other 
technological approaches (e.g., Bluetooth, Wi-Fi, or RFID). 

Next to location information, the tag also tracks teachers’ heading (between 0 to 360 
degrees in reference to the magnetic South), which informs the system of the direction the 
teacher   is  facing  to.  As Figure 5-3 shows,  the wearable solution positions the tag on the  
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Figure 5-2. ClassBeacons in a classroom. 

upper-back of the teacher. The upper-back direction adequately reflects the teacher’s facial 
direction, since we found that teachers’ facial direction was mostly in accordance with their 
upper-body direction from informal observations on classroom videos. Additionally, 
compared with other wearable approaches such as headsets, or harnesses, the present 
solution was expected to be less obtrusive, and therefore less distracting to teacher tasks 
and more socially acceptable in this context. An adjustable Velcro structure was added 
beneath the tag unit to tighten or loosen the garment for different teachers. 

5.3.2 Distributed Display  

Inspired by studies of (Bakker et al., 2013) and (Alavi & Dillenbourg, 2012), which 
implemented distributed displays in educational contexts, we identified the value of 
leveraging distributed tangible devices for ambient display in secondary school classrooms. 
Therefore, we used the FireFlies platform (Verweij, Bakker, & Eggen, 2017), a set of 
wireless LED objects, as the display media of ClassBeacons. As shown in Figure 5-2, each 
LED device, called a Beacon, has a frosted and semitransparent lampshade which enables 
an effect of color blending. All Beacons are wirelessly connected to a control hub. The 
control hub receives positioning and heading data transmitted by the wearable and 
commands each Beacon to update its color accordingly. During deployment in the 
classroom, Beacons were placed on the student desks. If the desks were located very close 
to each other, two students would share one Beacon put in the middle of the two desks, see 
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Figure 5-2. Positions of the individual Beacons needed to be input into the system 
beforehand using the wearable tag. 

5.3.3 Visualization of Teacher Proximity  

The perception of the brightness of the LEDs in a Beacon can be influenced by the existing 
natural or artificial light in a classroom. Therefore, we decided not to indicate the amount of 
time a teacher spent around a Beacon by the brightness of that Beacon. Instead, we decided 
to use hue solely as an indicator of proximity. To make the color coding semantically 
understandable, we firstly used the red-yellow-green spectrum. But to avoid connotations 
with positive and negative behavior, we deliberately designed ClassBeacons as an objective 
portrays of data (Erickson, 2003).  Therefore, we avoided using red colors which may be 
perceived as judgmental. Instead, we chose to use a yellow-green spectrum, where yellow 
means the teacher has not spent time around that Beacon, while greener colors indicate the 
teacher has spent more time around that Beacon. This made the visualization less 
judgmental while still semantically intuitive (see Figure 5-1). The yellow-green color 
shifting of Beacons has been set in nine discrete degrees, which we experienced to be 
sufficient to enable gradual and subtle color changes while also retaining a certain level of 
ambiguity. Additionally, we chose to use discrete changes rather than a continuous change, 
because we wanted each change to be still subtly perceivable, potentially affording time 
awareness for the users. 

Interpersonal proximity is defined in related literature (Hall et al., 1968; P. W. Miller, 1988) 
in four levels:  intimate (0-1.5 ft ≈ 0-0.5 m), personal (1.5-4 ft ≈ 0.5-1.2 m), social (4-12 ft 
≈ 1.2-3.7 m), and public (12-25 ft ≈ 3.7-7.6 m). Teacher proximity at the intimate and 
personal levels are considered as ‘closer proximity’ in (Kale, 2008). Based on these works, 
as well as our informal observation, we defined the range of close proximity to be 
recognized by this system as 1.6m. Beacons within this close proximity range to the teacher 
will start to change color from yellow to green.  

To determine at which speed the Beacons should change color, we decided to look closely 
at the types of interactions teachers might have with students when they are in close 
proximity. Next to being engaged in direct conversation, instruction or observation, more 
subtle  interactions  are also brought by teacher proximity. For example, when the teacher is  
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Figure 5-3. Left-top: the wearable tracking tag unit on the teacher garment. Middle-top: four 
anchors. Right-top: an anchor mounted on a stand. Bottom: the spatial visualization, in-door 

positioning and data analysis parts of the ClassBeacons system. 

walking around, he/she could glance at students close by to get an idea of their 
performance, while at the same time, knowing that the teacher is around, or that the teacher 
may be looking at them, students may also get more engaged in their activities or 
encouraged to initiate asking questions. Similarly, in the study presented in Chapter 3, we 
found that while performing the main task, teachers also try to listen to the students around 
or behind them to know their status. A review by (Gunter et al., 1995) reported ‘spill over’ 
effects which were found in several studies: a teacher’s reinforcement or reprimands to a 
target student potentially influences non-targeted students sitting adjacently. To better 
portray teacher proximity, we argue that it is important to reflect various influences brought 
by teacher proximity including these non-verbal/implicit interactions. Therefore, we 
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designed the mechanism of the display as follows, distinguishing three levels of 
interactions: 

Engaging: This level is activated when the teacher is standing still, one (or more) Beacon(s) 
is within close proximity to the teacher, and it is in the central area of the teacher’s angle-
of-view. At this level, a Beacon will take 55 seconds before changing from the current color 
to the next greener color on the preset nine-degree spectrum.  

Surrounding: This level is activated when the teacher is standing still, and one (or more) 
Beacon(s) is within close proximity and in the periphery of the teacher’s angle-of-view. At 
this level, a Beacon will take 110 seconds before it changes to the next color.  

Wandering: This level is activated when either the teacher is standing still with one or more 
beacons in close proximity behind the teacher, or the teacher is walking with any Beacon in 
close proximity. At this level, a Beacon will take 220 seconds to change to the next color.  

The Beacons change color from yellow to green over the course of one lesson and are reset 
to yellow before the start of a new lesson. This means that the Beacons can only become 
greener over the course of one lesson and the information is presented in a cumulative 
fashion. 

5.3.4 Why ClassBeacons May Support Teachers’ Reflection-in-Action  

Based on the core characteristics of reflection-in-action (C1-5) that we have summarized in 
Related Work, we formulate four design principles (P1-4) which we hypothesize to support 
teachers’ RiA (Eraut, 1995). We believe the design of ClassBeacons can represent these 
design principles (P1-4); therefore we believe ClassBeacons could support teachers’ 
reflection-in-action. In the field evaluation, we have empirically analyzed whether these 
design principles were embodied in the actual use of this system, and how they could 
enable a designed system to support professionals’ reflection-in-action. We now explain 
what our hypothesized design principles (P1-4) are and why we believe they can be 
represented by ClassBeacons: 

P1. Informing ongoing performance. RiA concerns ongoing performance (C1). Thus, 
a system supporting reflection-in-action should provide information that is 
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relevant to teachers’ ongoing teaching activities. ClassBeacons depicts teacher 
proximity during a lesson in order to help teachers to deliberately think about or 
optimize their performance. The display depicts real-time information and can 
thereby inform ongoing performance. 

P2. Being open to interpretations. RiA is highly context-dependent and based on 
teachers’ personal experiences (C2). To support RiA, information interfaces 
should encourage teachers’ own interpretations of the displayed information. An 
ideal distribution of teacher proximity does not mean staying with each student for 
an equal amount of time each lesson; it depends on the particular context of a 
lesson and the professional beliefs of the teacher. Thus, ClassBeacons aims to ease 
teachers’ awareness of and reflection on their proximity to pupils, instead of 
steering them toward certain behavior. Hence, no red colors, which may contain 
negative connotations, were used and the data was presented as neutrally and 
objectively as possible (e.g., with only minimal data processing). Teachers may 
thereby form their own interpretations of what actions to undertake as a result of 
the information depicted by ClassBeacons. 

P3. Supporting use in the midst of actions. RiA happens in action (C3). Therefore, 
information systems to support such reflection should be usable in parallel with 
other ongoing tasks, without interfering with these ongoing actions. Since the 
lamps of ClassBeacons are located on the students’ desks, they are easily seen by 
teachers in their regular observational actions and may thus be used in the midst of 
actions. 

P4. Enabling short-term, effortless, easy-to-discard engagements. Teachers’ RiA 
happens in short time-frames (C4) with limited involvement of attentional 
resources (C5). Therefore, information systems should support quick, effortless 
engagements, which do not demand continuously focused attention and can be 
discarded easily. Each lamp of ClassBeacons displays only a minimal amount of 
information. The colors change in a slow and subtle manner to make the display 
unremarkable and easy-to-ignore. Therefore, the whole distributed display is 
intended to be perceived effortlessly at a glance. In the field evaluation, we have 
contextually examined these design principles represented by ClassBeacons. 
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5.4 Methodology 

Our evaluation of ClassBeacons included an expert review to examine the design idea of 
ClassBeacons from the perspective of educational experts, as well as a field deployment to 
evaluate the working system of ClassBeacons based on teachers’ lived experiences. First, 
the related work in educational research has shown that teacher proximity in classroom 
pedagogy has been increasingly recognized as a meaningful topic (Kale, 2008). Yet no 
technology is known to track objective data on teacher proximity or to display information 
regarding teacher proximity in the classroom. As a result, to examine the design concept of 
visualizing teacher proximity in pedagogical activities, we conducted an expert review with 
four field experts. And this expert review was mainly aimed to understand what could be 
the potential values of proximity visualization for pedagogical activities in the classroom? 

Secondly, after the development of the working prototype of ClassBeacons, to explore 
practitioners’ lived experiences of this distributed peripheral information display, we 
conducted a field deployment of ClassBeacons with eleven secondary school teachers. Each 
teacher used ClassBeacons for two lessons in their classrooms. In another two lessons of 
each teacher, they were tracked by the positioning system without having ClassBeacons 
installed in their classrooms. This field deployment has two aims: (1) to explore whether 
and how ClassBeacons facilitated teachers’ process of reflection-in-action, (2) to 
contextually examine the four design principles (P1-4) that we hypothesized to be valuable 
to support professionals’ reflection-in-action. We now elaborate on the process and set-up 
of our expert review and field evaluation. 

5.4.1 Expert Review 

We conducted an expert review of the ClassBeacons design with four educational experts 
(2 male, 2 female, ages 47 to 63), whom we will refer to as E1, E2, E3, and E4. They work 
at an educational research institute at a University in the Netherlands. All experts were 
conducting educational research targeting secondary school pedagogy. The jobs of E1, E2, 
and E3 also contained guiding and coaching preservice/novice secondary school teachers to 
help those teachers improve their teaching performance. All the experts had ample 
experiences of observing in secondary school classrooms for teacher performance 
improvement or research  data  gathering.  All of them had worked  as  a  secondary  school  
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Figure 5-4. One frame of the storyboards. Left: ClassBeacons. Right: ‘Heatmap’. 

teacher for between 6 and 30 years in their career. E2 and E4 were at the moment of the 
study still teaching part-time. Each expert participated in a semi-structured one-on-one 
interview of approximately 60 minutes, conducted in an office environment.  

In the first part of the interview, the experts were asked to describe their understanding of 
the role of teacher proximity in secondary education. In the second part of the interview, the  
design  of  ClassBeacons  was  shown  to  them  and they  were  asked to envision potential 
values of proximity display to pedagogical activities and discuss possible user experiences 
of ClassBeacons. To stimulate the interviewees’ imagination and to ensure they saw our 
design as a concept open for debate rather than as a finished product, we used a storyboard 
rather than the prototype to convey the concept of ClassBeacons (see Figure 5-4). To 
trigger the experts to consciously speculate on the distributed nature of ClassBeacons, we 
created another storyboard presenting a screen-based display of the same information 
through a heatmap (see Figure 5-4). Experts were asked to give feedback on both and 
compare the two.  

The interviews were audio-recorded and transcribed verbatim for a conventional qualitative 
content analysis (Hsieh & Shannon, 2005). This standard qualitative analysis approach 
systematically analyzes textual data, in order to gain thorough and deep understandings 
about the data (Hsieh & Shannon, 2005). Following the detailed procedures described by 
Hsieh & Shannon (2005), the analysis was carried out by two researchers. 133 quotes were 
selected which related to (one of) the two research questions. The quotes were coded first 
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individually and then jointly by the two researchers. Through discussion, a detailed 
categorization of quotes was finalized. 

5.4.2 Field Evaluation 

5.4.2.1 Participants and Implementation of Field Deployment 

Eleven participating secondary school teachers were recruited from four different 
secondary schools in the Netherlands. These participants are referred to as T1 to T11, 
numbered by their teaching experience in years from low to high (Mean=14.1, SD=8.7). 
The participating teachers were diverse in gender (M=4, F=7), and teaching subjects, which 
was intended for gathering a wide range of user experiences. Their teaching subjects 
include Computer Science (T4, T8), Chemistry (T2), English Language (T1, T3, T7, T10, 
T11), Humanities (T5), Mathematics (T6), and Music (T9). All teachers participated 
voluntarily, and they were recruited under the condition that their lessons involved a format 
in which they helped individual students (i.e., differentiated instruction) rather than only 
whole-class teaching. This way, the lessons in which ClassBeacons was used would fit the 
scenarios that the prototype aimed to support. Four lessons of each teacher were included in 
our field-study. These lessons took place in the teachers’ regular classrooms and were 
taught according to the teachers’ existing teaching plans.  

Our evaluation involved two lessons of each participating teacher in which they used the 
information display of ClassBeacons. As Figure 5-5 illustrates, ClassBeacons was 
implemented according to the existing layout of  each classroom; a lamp was placed close 
to a small group of two or three students. In another two of their lessons, we only tracked 
their whereabouts through the wearable unit, but we did not implement the information 
display (the lamps) of ClassBeacons in their classrooms (i.e., control conditions). Six 
teachers first experienced two lessons with the information display of ClassBeacons, while 
the other five had two lessons with only positioning tracking first. Before each lesson, 
researchers had installed and calibrated the system, but no researchers were present in the 
classroom during the lessons. Before first using the system, each teacher was given a leaflet 
briefly introducing ClassBeacons’ display rules. We explained to participants that the 
visualization meant to portray the data as a supportive reference, not as judgmental or 
professional guidance. This aimed to avoid that   the teachers misunderstood the evaluation  
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Figure 5-5. Examples of how ClassBeacons (yellow dots) were implemented in the participating 
teachers’ classrooms with different layouts. 

of the technology as an assessment of their performance and therefore would feel pressured. 
They were also encouraged to ask for further explanations if they needed. Each teacher had 
confirmed with researchers that they understood the display rules after reading the leaflet. 

5.4.2.2 Data Gathering of Field Deployment 

Give the purpose of our study, this field evaluation has been intended for qualitatively to 
reveal teachers’ lived experiences regarding using ClassBeacons in their own lessons. 
Specifically, by the qualitative data analysis to be presented in this chapter, we aim to (1) 
explore whether and how ClassBeacons facilitated teachers’ process of reflection-in-action, 
and (2) contextually examine the four design principles (P1-4) that we hypothesized to be 
valuable to support professionals’ reflection-in-action. Additionally, a set of quantitative 
data have also been gathered in this field deployment through system logs and 
questionnaires filled out by teachers and students after each involved lesson. These data 
were analyzed by Ordanovki to address research questions in her master thesis 
(Ordanovski, 2017). These quantitative data are not included in this thesis for we mainly 
aim at evaluating teachers’ lived experiences related to their reflection-in-action.  

Reflection-in-action is difficult to be directly captured by existing data gathering methods 
since it is a cognitive activity and happens at the moment that practice is unfolding. For this 
reason, qualitative interviews have been commonly used to study RiA (Hatton & Smith, 1995; 
Yanow & Tsoukas, 2009), in which professional practitioners were asked to recall and 
describe the reflective thoughts that went through their minds when they were performing 
tasks (Hatton & Smith, 1995). Therefore, our evaluation uses qualitative data gathered 
through semi-structured in-depth interviews with the teachers. After each lesson, a semi-
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structured interview was conducted as soon as possible (at most in two hours) so that the 
teacher still had fresh memory about using the system in that lesson. During the interview, to 
sensitize the teachers and gather rich details from their lived experiences, we first asked them 
to recall and describe specific moments in which the participants consciously engaged with 
ClassBeacons in that lesson. When describing such a moment, the participants were asked to 
detail their situation or task at hand, and the physical (bodily) and mental activities they 
performed. This way, we intended to gather in-depth data with thick descriptions and rich 
contextual information. 

After reporting these vivid examples of using ClassBeacons at a particular moment, each 
participating teacher was also asked to more generally talk about their experiences of using 
this system: e.g., whether it hindered their classroom activities, or whether its display was 
clear to them. The teachers were encouraged to freely and broadly comment on any aspects of 
their experiences with ClassBeacons. For instance, some of them compared their use of 
ClassBeacons with the use of existing classroom technologies (e.g., computer, or smart 
phone). 

All the interviews were audio-recorded and transcribed verbatim. These data were subjected 
to a conventional qualitative content analysis (Hsieh & Shannon, 2005), a standard and 
systematic approach to interpret content and contextual meaning of textual data. Similar to the 
process used for our analysis of expert review, this analysis followed the procedure detailed 
by Hsieh and Shannon (Hsieh & Shannon, 2005), and 324 quotes (in 14992 words) were 
selected from the data and clustered into a hierarchical categorization by two researchers to 
formulate our findings concerning our research interests. In upcoming sections, our findings 
from the expert review as well as the field evaluation are addressed. 

5.5 Findings of Expert Review 

The expert review was intended to examine the design idea of ClassBeacons from the 
perspective of teacher education experts. We address our findings from two main aspects: 
potential values of proximity visualization, and possible benefits/challenges of 
ClassBeacons. While the former reveals the values of using technology for visualizing 
teacher proximity in general, the latter explicate experts’ opinions about the specific design 
of ClassBeacons. 



138 Designing and Deploying ClassBeacons 

 

5.5.1 Potential Values of Proximity Visualization 
Reflecting personal interaction: All four experts mentioned that while observing a lesson, 
they paid considerable attention to the personal interaction between the teacher and 
individual students. As E4 mentioned, “education is about interaction, tuning your 
behavior to the needs of the individuals in your classroom.” And according to them, there 
are various types of interactions that are best achieved in close proximity to the students, 
such as talking (E1), observing a student’s work, being around to show the willingness to 
help (E2), or passing by to maintain students’ engagement (E3). E1 and E3 pointed out that 
proper personal interaction could activate students in learning. As indicated by E1, “if you 
can create a learning environment where you have more interactions, I think the learning 
process is more effective… the students are more activated to learn and they also like to 
learn.”  Moreover, E2 and E4 thought that having sufficient personal interaction helps the 
teacher keep track of a student’s performance (“what they’ve done” (E4)), rather than only 
knowing the general status of the whole class (such as if “they’re quiet” (E2)). Given the 
above mentioned reasons, the experts agreed that providing real-time feedback about the 
teachers’ whereabouts is meaningful. As E1 concluded, “It’s very important from an 
educational perspective that the teachers get feedback on how they interact with their 
students.” 

Facilitating Attention distribution: The expert review revealed that it is highly relevant, 
but also difficult, for teachers to provide a proper amount of attention to each student. In 
principal, teachers try to “give attention to all the students” (E1) with no one left behind. 
However, it is challenging to “see all the students” (E2), especially for teachers who have 
“a big classroom” (E2), or “30 children” (E1); and there might be “a blind spot” (E2) 
which the teacher has not visited during the whole lesson. According to the experts, an ideal 
distribution of attention among students does not necessarily mean the teacher has to spend 
an equal amount of time with each student. “Every student is different, so one needs 
perhaps more attention than the other” (E4). It is natural that the teacher would “give more 
attention to the students who have more problems with learning” (E1). However, E1, E2, 
and E4 all noticed that teachers sometimes paid too much attention to some of the students 
while ignoring the others. “You sometimes realize that you’ve paid a lot of attention to 1 or 
2 students in the lesson, and the other students have not gotten your attention. That 
happens, for sure” (E4). Two types of students normally capture more attention from the 
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teacher: “Pupils that are making a lot of noise” (E4), and “The children who ask questions” 
(E2). Sometimes, these active students “somehow end up in one side of the classroom and 
that means the other side of the classroom, they don’t get so much attention” (E2). Thusly, 
with attention caught by these louder or more active students, teachers may easily ignore 
those reticent students. “A difficult problem is that sometimes students [who] have 
questions or [who] do not understand do not even realize that they should have a question. 
So asking [for] help is not something that all the students do.” (E4) and therefore E1 
identified the benefit of making teachers more aware of their attention assigned to students:  
“I think that’s very nice […] that you can see: where and what is the attention the teacher 
gives? That can be some feedback for the teacher, he can realize […]” 

Creating immediate awareness: The experts confirmed the complexity of teaching. As E4 
reported, when interacting with a student, “there was a lot more going on and you should 
keep your eyes and ears open to what’s going on”. A teacher often needs to have multiple 
tasks in mind concurrently, Such as attending to “sound levels” (E4), having an “overview” 
(E3) of the class, or adapting teaching plans to changes (E2). All these tasks impose a 
cognitive load on teachers. Therefore it is difficult for them to pay continuous attention to 
the details of their own performances while teaching, including keeping aware of their own 
“movement” (E3) in the classroom. As experienced by E4, “usually when you’re observing 
the classroom, you see other things [more] than the teacher sees […] [Because] you’re not 
managing the class you have more time to observe”. Feedback about personal interaction or 
attention distribution of the teacher is often provided by the observers afterwards. The 
experts indicated that they thought a real-time visualization could disburden teachers’ 
reflection and help them gain immediate awareness about their proximity distribution so 
far. For example, a teacher could easily notice that he/she has spent too much time with a 
group of students: “if I get the feedback then I realize that I have to stop [offering] the 
feedback or the intervention for that group and I have to go to the other group”(E1). The 
experts thought that real-time visualization of proximity information could help teachers 
improve their performances immediately. “When you have real time feedback you can 
adjust your behavior instantly, not afterwards […] wait for a second lesson […] So that’s 
valuable.” (E3)  
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5.5.2 Experts’ Opinions on ClassBeacons’ Benefits and Challenges 
Benefits: The most mentioned benefit by the experts was that as a public visualization 
ClassBeacons might create self-awareness among the students, especially for those who 
“are not even aware that they should ask a question” (E4) With this awareness, they might 
be encouraged to ask more attention from the teacher. Furthermore, a public display is 
expected to create transparency. “I like to have a transparent situation and all students can 
see how much time there is given to the other students.” (E1) As a result, the lights could be 
a justification for the teacher to go on to the next student, “if you are explaining something 
to one student and you can say: ‘Sorry, but I have to help the other students as well’” (E4). 
Unlike a single device, ClassBeacons is distributed (E2) and therefore can serve as a visual 
cue. Being distributed over the space, ClassBeacons “would be easier [to perceive] because 
you just see whose light is brighter than the other” (E2). Since “it’s visible right away” 
(E3), there is no need to go back and forth. “You don’t have to walk to the [teacher’s] desk 
to have a look.” (E2) And the ClassBeacons offer flexibility in how to use them: “you could 
just take 4 or 5 of these lights and then put the seats together and say okay this is one group 
and this is the other group […]” (E2). 

Challenges: There are also some concerns from experts about ClassBeacons. The lights 
might be a distraction or disruption to students, “Maybe they give attention to the light and 
not [to] what they are doing” (E1). Some students may complain if this feedback 
information is visible for them. E.g., “[a student might say:] ‘His light is much brighter 
than mine; you should pay attention to me. It’s unequal’” (E4). Also, students might have 
their own interpretation of the ClassBeacons with negative consequences. E.g., “I cannot 
ask any questions anymore because my light is so bright” (E3). E2 was concerned that “if 
you would do this in lower [grades of] secondary education,” those younger students might 
fiddle around with the Beacons. In a distributed manner, it can be more difficult “to get 
some overview” of the proximity distribution (E1). Comparing to a heatmap which shows 
the proximity information on a screen, the experts expect that ClassBeacons is less 
beneficial for reflection afterwards (E2). And it was also estimated by E2 that with a 
centralized device, attention could be paid only when the teacher wanted to. 
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5.6 Findings of Field Deployment  

We now present and discuss empirical results of the field evaluation of ClassBeacons in the 
two separate subsections to address our research aims: (1) how ClassBeacons supported 
reflection-in-action and (2) examining our hypothesized design principles. 

5.6.1 How Classbeacons Supported Reflection-in-Action 

The first aim of our qualitative analysis of the field evaluation was to assess whether and how 
ClassBeacons supported teacher’s reflection-in-action. The qualitative interviews conducted 
revealed numerous examples of situations in which ClassBeacons triggered teachers to reflect 
on their ongoing proximity distribution during teaching. In this section, we report these 
examples clustered by three recurrent types of reflections-in-action that occurred: (1) 
confirming ongoing performance, (2) making new sense of ongoing performance, and (3) 
modifying upcoming actions. These three types of reflection overlap with three stages of 
teachers’ reflective process described in the earlier mentioned ALACT model (Korthagen & 
Kessels, 1999), see Figure 5-6 for an overview. 

Confirming Ongoing Performance - “My thoughts were: yes, it’s correct” 

One benefit of reflection-in-action is to help practitioners consciously confirm “that you 
have been doing something right” [46 p.55], so they can maintain the quality of their 
ongoing performance. As reported by our participants, ClassBeacons helped them to 
confirm that they had been distributing proximity in accordance with what they thought was 
right based on their own professional opinion. A telling example is given by T2, regarding the 
lesson of which a heatmap of T2’s indoor positioning data is shown in Figure 5-7 (L). In this 
lesson, T2 had a student group A sitting on one side of his classroom and working on a 
different topic from other students. T2 wanted to make sure that group A received extra 
attention from him throughout the lesson. ClassBeacons helped him visually confirm this 
during teaching: “So when their [A] lights were greener than the others. That for me was like: 
that’s good, that’s how it should be. It’s a confirmation. It always feels like I’m not giving 
them [A] enough attention, because they find it [the topic A was working on] hard. And I was 
glad to see that I gave them extra attention.” T6 described a similar moment in which her 
thought was triggered by the lamps as a confirmation of her performance: “[The lamps] was 
as I expected: The students with the most questions became green. And there were a few 
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[yellow lamps] I never visited and they are the best students. My thoughts were: yes, it’s 
correct.” She felt that such confirmation was “functional” although she did not change her 
actions. These examples show that ClassBeacons enabled teachers to confirm their ongoing 
performance on the spot. This type of reflections echoes the stage of Looking back on the 
action of teachers’ reflective process in the ALACT model (Figure 5-6). 

Making New Sense of Ongoing Performance - “Oh, apparently I haven’t been that 
much at that table” 

Reflection-in-action can turn practitioners to “a researcher in the practice context” [46 p.68] 
who make new sense of their ongoing performance and thus can discover or criticize 
implicit aspects in their actions. Our gathered examples show how ClassBeacons helped 
teachers make new sense of their ongoing proximity distribution. 

First, teachers reported that ClassBeacons helped them notice unwanted patterns of their 
proximity distribution. For instance, at a certain moment in T3’s lesson, ClassBeacons’ 
display made her notice: “Oh, apparently I haven’t been that much at that table.” Also, T4 
reported a moment in which he noticed from ClassBeacons that “I haven’t given that 
student any attention.” As he felt, the display showed how different his proximity 
distribution was from his expectation: “I was like: I’ve got no clue at all about how much 
time I spent with each student.” Hence “I find ClassBeacons useful because it gave me 
some insight into what students I haven’t given any attention yet.” 

 

Figure 5-6. Three types of reported RiA echo three stages of teachers’ reflective process in 
ALACT model.  
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Second, teachers indicated that ClassBeacons gave them insight into how their unfolding   
patterns of proximity distribution were tacitly led by their routinized or subconscious 
actions. For instance, ClassBeacons triggered T3 to criticize her own action that she had 
been subconsciously ignoring a student: “this group is a tricky group […] to put it mildly 
[…] with the boy who refuses help basically. ClassBeacons made me aware of the fact that 
I shouldn’t ignore him and that I should help him” Also, T7 indicated that ClassBeacons 
helped her notice the routinized way of delivering proximity: “[ClassBeacons] makes you 
more conscious that you tend to stay with the naughty children, you don’t do very much 
walking.” 

Third, ClassBeacons revealed how teachers’ patterns of proximity distribution were 
implicitly shaped by their physical context: i.e., the (desk) layout of their classrooms. As 
the heatmap in Figure 5-7 (R) shows, in T5’s classroom, she had to pass area B to visit 
students in C. As T5 reported, ClassBeacons’ distributed display made her consciously 
notice that because B is difficult to pass, students in C inherently got less attention from her 
during a lesson. “My classroom has a different setting. And now I noticed: when I was 
walking around because it’s closed there [B], I can’t pass very easily there [B]. So now I  

 

Figure 5-7. Heatmaps of positioning data from a lesson of Participant T2 (L) and Participant T5 
(R) for illustrating their reported examples.  
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noticed that those students who are in the back [in C] don’t get much attention [from the 
teacher] than others. [Interviewer: how did you notice that?] By looking at the lamps and 
then thinking: oh I should go there [C] as well, but it wasn’t possible.” Similarly, T9 once 
noticed from the lamps: “I wasn’t very free to go this way [so] I had some problems getting 
round there.” 

In summary, the participating teachers thought the ClassBeacons system helped them make 
new sense of their ongoing performance, notice unwanted patterns in their behavior and 
spot potential causes for these unwanted patterns. Such type of reflections echoes the 
reflective stage of Awareness of essential aspects in the ALACT model (see Figure 5-6). 

Modifying Upcoming Actions - “It really makes you think your actions through” 

Reflection-in-action is not only about making sense of the ongoing performance but also 
about modifying upcoming actions accordingly (Schön, 1983, 1987). It helps practitioners in 
“thinking what they are doing and, in the process, evolving their way of doing it” [46 p.56]. 
Correspondingly, rich examples were reported by the participating teachers in which they 
modified their upcoming actions with the aid of ClassBeacons’ displayed information.  

Several teachers gave examples in which ClassBeacons helped them make decisions about 
which students to help next and for how long. T1, for example, mentioned, “It makes you 
think a bit more critically about the choices […] It really makes you think your actions 
through.” For instance, in some cases, teachers decided to go to certain students, when 
realizing that the students had not received enough attention from them: e.g., “I saw the lights 
were still yellow, I walked to the students and paid some attention (T10).” Or “Maybe I didn’t 
pay enough attention to that student, so I went there (T7).” In some other cases, teachers 
decided to stop giving attention to particular students when their lamps were bright green. For 
example, “These [lamps] were dark-green. I felt: okay, maybe these boys should write their 
own essay instead of me taking their hand. […] if I help them too much they never get their 
own skills. Sometimes you can help students as well by not helping them (T3).” Likewise, T7 
was once reminded by ClassBeacons that “now I have to go to the other one [so that] I don’t 
stay too long with one group.” Similarly, T9 once noticed a lamp while talking with some 
students: “It’s dark green. Maybe I should move.”  
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Moreover, some teachers indicated that ClassBeacons triggered them to “break free” (T4) 
from their certain existing plans or conventions and deliberately try alternative actions. A 
telling example from T4: “It did help me to get away from my initial prediction: So before I 
start the lesson I can already envision: Okay, today I’m going to have to spend some extra 
time with these students and these students […] And ClassBeacons helped me to, not 
completely, but slightly break free from that thought, from that mindset. So I think: okay I 
know I have to spend a lot of time here, but I should also spend some time over there.” A 
similar example was given by T2 when talking about the lesson illustrated in Figure 5-7 (L). 
T2 wanted to spend much time with group A, but because of ClassBeacons, he improvised a 
decision to drop by some other students: “I did at one point specifically ask them how it was 
going because […] I saw the lights […] and I was like: okay, maybe just check with them if 
everything is going alright.”. T5 indicated that in her usual lessons, students would come to 
her desk if they had a question. ClassBeacons triggered her to try the other way around: “A 
student had a question and he wanted to come to me and I said, ‘no I have to come to you 
because then the lamps are responding to that.’” And she considered this as a benefit, 
“because if I go to the students I can also check on the other students.” 

In summary, teachers explained how ClassBeacons helped them modify upcoming actions: it 
supported them to responsively make decisions for their upcoming interactions with students 
and triggered them to deliberately try actions alternative to their planed or conventional way 
of teaching. This type of reflections echoes the stage of Creating alternative methods of 
action in the reflective process in the ALACT model (Figure 5-6). Consequently, as shown in 
Figure 5-8, the findings addressed in this subsection concretize how a designed peripheral 
information display enhanced the process of professional practitioners’ reflection-in-action. 

5.6.2 Contextually Examining the Four Design Principles 

The second aim of our qualitative evaluation was to contextually examine the four 
hypothesized design principles (P1, P2, P3, and P4) which were deduced from the theories of 
reflection-in-action. By contextualizing these design principles in the case of ClassBeacons 
we aim to inform future designs for  supporting  teachers’ RiA.  In  the  previous  section,  we 
have presented qualitative data revealing that ClassBeacons triggered various types of RiA. 
This section presents and discusses qualitative findings from our interview data to show how  
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Figure 5-8. As the above findings suggest, the field deployment of the ClassBeacons system 
thereby helps us concretize how peripheral information display could unobtrusively enhance 

the reflection-in-action of professional practitioners. 

each of these design principles was embodied in the use of ClassBeacons, and experienced to 
be supportive during teaching. 

P1. Informing ongoing performance — “You can immediately reflect on how you’re 
doing” 

Our design principle P1 proposes that in order to support teachers’ reflection-in-action, a 
system should provide information that is relevant to their ongoing performance. As 
confirmed by the presented examples in the previous section, ClassBeacons’ real-time 
feedback of teacher proximity indeed supported teachers’ reflection-in-action. Here we further 
present teachers’ opinions on how having such real-time feedback to reflect upon could 
meaningfully support them during teaching. Specifically, most of the teachers (10 out of 11) 
explicitly mentioned that during teaching, ClassBeacons’ feedback had increased their 
deliberate thinking. For instance, T1 described his feelings of how ClassBeacons’ 
“immediate” feedback meaningfully increased his reflectiveness in performance: “You get 
immediate feedback and you can immediately reflect on how you’re doing, on how you’re 
moving […] So what I was doing was reflecting at the moment: Do I need to go there or not? 
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Why haven’t I been there? So you’re consciously thinking about the choices you make in the 
classroom.” Similarly, T3 mentioned, “Because of the lights I’m more aware of what is going 
on or what I actually do.” Hence, she considered ClassBeacons to be an “effective tool for you 
as a teacher”. T6 also felt such feedback was meaningful to be reflected upon on the spot, 
“because next lesson it will be forgotten.” A similar experience was also described by T8: 
“[with ClassBeacons] you can always reflect on your own patterns during the hour, to see 
where you have been, yes or no. So you can think: do I need to go to that student more often 
next time? Is my attention divided over all students? That’s an advantage that you can see 
that.” Therefore, teachers’ opinions further confirmed that having real-time feedback to 
reflect upon could meaningfully support them during teaching, which confirms the value of 
design principle P1.  

P2. Being open to interpretations — “I’m still in control, I mean, I make the decision” 

Our second design principle P2 proposes that information presented to teachers should 
encourage their own interpretations. This is because reflection-in-action highly depends on 
the particular context and the teacher’s own practical understandings. As revealed in our 
evaluation, proximity distribution indeed seemed an aspect of teaching which is open to 
interpretation: how a teacher should distribute his/her proximity in a lesson depends highly on 
the context (e.g. the particular students in that lesson) and his/her professional beliefs (e.g. 
understandings of the students’ needs). As T11 put it, “I think it’s fairly obvious to teachers 
that they should try and distribute their attention fairly. But what’s fair? So fair means letting 
the ones who can do things on their own alone, and giving more attention to the ones that 
need help.” As a result, the objective and neutral display of ClassBeacons was appreciated: 
e.g. “I am glad that red is not a part of the spectrum, because of the negative-ness (T2).” And 
as shown by the earlier presented examples of reported reflections-in-action, the teachers were 
able to interpret ClassBeacons’ display based on their own beliefs: e.g. a yellow lamp in one 
situation could be perceived as “correct” (T6) since it was next to the students who did not 
need help; while in another situation it could also be perceived as lack of attention to 
particular students. For this reason, ClassBeacons were appreciated to encourage teachers’ 
own interpretations of what action to undertake. For instance, as T4 experienced, “It gives me 
some awareness, and I’m still in control, I mean, I make the decision to what student I attend 
first. So I like that a lot.” Similarly, as commented by T8, “It’s just an evaluation of where 
your attention has been and then you can make the right decisions.”  
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Concluding, teachers’ opinions confirmed the context-dependent nature of the reflection-in-
action on proximity distribution. Teachers found it meaningful to have an objective and 
neutral visualization which encourages their own interpretations of their ongoing 
performance. This surfaces the value of design principle P2. 

P3. Supporting use in the midst of actions — “You just do what you usually do” 

Design principle P3 proposes that a designed system supporting reflection-in-action should 
enable teachers to use it in the midst of actions. Examples reported by all the participating 
teachers show that they used ClassBeacons while simultaneously doing various primary 
teaching tasks at different locations in the classroom. For instance, T7 described that 
ClassBeacons system was visible in the whole room (“It’s visual in space”), so that she did 
not have to “sit behind the screen” to see the displayed information. Similarly, T2 
commented, “I think the advantage of ClassBeacons is that I’m not stuck on my desk. Walking 
around and then I can have the information.” Its placement on student desks was also 
considered to be convenient “because that’s where the children are, so that’s where I’m 
looking” (T6). For the above mentioned reasons, the teachers reported a variety of examples 
in which they consciously perceived information from ClasBeacons while they were in the 
midst of observing the classroom (T1-4,7-10), helping individuals (T2,4,5-6), giving group 
instructions (T1,2), or using the computer (T5,11). Moreover, as indicated in these examples, 
their use of ClassBeacons happened in different locations of the classroom, for example, 
when they were “walking” or “wondering around” the classroom (T2-3,5-6), “standing in 
front” (T2), or sitting at the teacher’s desk (T5,11). It is thus shown that ClassBeacons 
seamlessly blended in teachers’ nomadic routines. As T3 put it, “In this case you don’t have 
to do anything, you just do what you usually do and it immediately gives you feedback.”  

We furthermore found that ClassBeacons triggered both self-initiated and cued reflections in 
the midst of teachers’ actions. T9, for instance, sometimes intentionally looked at 
ClassBeacons to get informed: “I looked to see whether there were places that I hadn’t really 
seemed to be at”, while at other moments she was cued to consciously think about the 
displayed information without initial intention: “I was talking to one student and then as I 
turned around, just to see if anybody needed my help, I noticed that […] Not necessarily that I 
was looking at the lamps, but I just happened to notice (T9).” As T6 pinpointed, with such 
cuing, teachers did not have to consciously plan when to reflect upon their performance in 
teaching. And she assumed this to be a potential advantage of ClassBeacons over a screen-
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based display showing similar information: “I’m busy with the children. So I would 
immediately forget to look at my screen.” 

In summary, ClassBeacons were reported to have been used by teachers while doing various 
teaching tasks in their nomadic routines and enabled both self-initiated and cued reflections in 
teaching. Thus, teachers did not have to interrupt or paralyze their ongoing tasks to access and 
reflect on their performance feedback or to consciously plan when to initiate reflections in 
teaching. These findings hence surface the value of design principle P3. 

P4. Enabling short-term, effortless, easy-to-discard engagements — “Candles on the 
table” 

Design principle P4 proposes that a system designed to support teachers’ reflection-in-action 
should enable short-term, effortless, easy-to-discard engagements, due to the limited time and 
mental resources available in teaching. Most of the teachers (10 out of 11) indicated that 
ClassBeacons’ simple and low-resolution display enabled glanceable and effortless use. They 
considered the information display as “intuitively” (T2) “clear” (T4,6-7) and “easy” (T2,5,8-
9) to interpret. For instance, T2 mentioned, “I find it really easy because the colors are 
intuitively chosen”. During teaching, ClassBeacons informed T1 but “did not cost any more 
energy or attention”. Likewise, T6 felt, “It was clear. There was no effort at all”.  As revealed 
from teachers’ experiences, they perceived information from ClassBeacons in short time-
frames: “quick” (T3) like “a split second” (T8) or “a couple of seconds” (T4). Both T11 and 
T3 pointed out that ClassBeacons’ low-resolution display only required glancing rather than 
“reading”, and therefore it was time-efficient in teaching: “you don’t have to interpret” (T11), 
and “It’s so visual. Therefore, you don’t need to spend much time thinking about it (T3).” 

Another recurrent opinion from teachers’ experiences was that ClassBeacons were easy-to-
discard during classroom activities. Firstly, ClassBeacons’ presence in the classroom was 
experienced to be unremarkable. Although ClassBeacons were present all around the 
classroom - “I just saw them all the time out of the corner of my eye” (T7) – they were not 
intrusive in the classroom: “it’s part of the table” (T7). Similarly, for T9, ClassBeacons felt 
like “candles on the table”. Also, T8 mentioned, “It’s very natural […] not distracting […] 
you don’t always perceive it.” Likewise, for T1, perceiving ClassBeacons was “not always 
happening in the center of what I’m doing”. Secondly, ClassBeacons could be easily ignored 
when teachers’ mental load was high: e.g. “you just forget that it’s there, if you really are 
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involved with what you are doing” (T9). This, according to participants’ examples, happened 
when they were fully engaged in “talking” (T9) or “working with students” (T5), “teaching or 
explaining something” (T5), “looking what they were writing” (T7) or ensuring students’ 
engagement (T1,11). Additionally, the teachers thought that ClassBeacons did not hinder 
learning activities. For instance, T5 described that despite the excitement of students when 
they first saw the lamps, they were not bothered during learning: “In the beginning they were 
enthusiastic, and after that then it’s okay”. Interestingly, T5 also experienced that both she 
and her students paid even less focused attention to ClassBeacons in the second lesson: “It’s 
getting less [noticeable] when you have it more often in your classroom.” 

In summary, ClassBeacons’ display was experienced to be glanceable and effortless to use, 
which enabled teachers to interpret and reflect on the displayed information in short time-
frames with limited involvement of attentional resources. It was also experienced to be easy-
to-discard in classroom activities, which avoided teachers being overburdened during 
teaching. These findings concretize the value of design principle P4. 

5.7 Discussion and Implications 

In this section, we first briefly discuss our findings from both the expert review and the 
field evaluation together, and then we elaborate on some design implications we have learnt 
in this chapter, encompassing using peripheral information to support professional 
practitioners’ reflection-in-action. 

5.7.1 Combining Findings from Expert Review and Field Evaluation 

From the expert review it became clear that close teacher-student proximity is beneficial for 
individual support, and activating students, which confirms views from related educational 
research (Macheridis & Paulsson, 2016; Mainhard et al., 2011; Pianta, 2012). Knowing 
how much time teachers have spent in different areas could help them to more mindfully 
distribute proximity. However, in current practice, feedback on teacher proximity is only 
subjectively and sporadically provided by professional observers. The experts considered 
objective real-time feedback as a valuable addition, which could enable teachers to reflect 
more often and more directly on their time and attention distribution over students. As a 
confirmation to this, most of the participating teachers experienced that the immediate 
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feedback given by ClassBeacons could benefit them during teaching. They indicated that it 
helped them in decision-making (e.g., which students to help first) or reflection (e.g., to 
check if they were doing the right thing). Such reflective activities are considered important 
for teachers (West, 2013), especially in the context of learner-centered education 
(Cornelius-White, 2007). Both findings indicate that teacher proximity visualization can be 
meaningful to classroom pedagogy. Nonetheless, T11 indicated that ClassBeacons barely 
improved her teaching. And she also happens to have the longest career (32 years) among 
the teachers. This may suggest that a future study could focus on the difference in the 
system’s perceived usefulness to and actual impact on the teachers with different levels of 
teaching experience and technology acceptance.  

The ClassBeacons’ distributed display makes proximity information visible to everyone in 
the classroom. We hence noticed the possible social effects of ClassBeacons. The experts 
and the participating teachers identified both benefits and risks of the design. Both experts 
and teachers addressed that teacher choices could be justified by the display, that 
information about teacher proximity could encourage ‘reticent’ students to ask the teacher 
for support, and that the engagement of students could be increased as a result of knowing 
that the teacher is wandering more. This echoes some findings in educational science 
literature (Caldwell, 1979; Gunter et al., 1995; Shores et al., 2017) which show that a 
teacher’s physical proximity positively influences student engagement. Although the 
number of participants in our field-study was limited and experts merely voices expected 
effects of ClassBeacons, a display like ClassBeacons might be able to extend the effect 
proximity has on student engagement. When the teacher is no longer close to the student, 
but a display reminds the student of a teacher’s proximity earlier in the lesson, or of 
upcoming teacher’s proximity, this might also result in increased engagement. Longer and 
more elaborate field evaluations would be needed to further examine such an effect of 
ClassBeacons.  

With the ClassBeacons’ display accessible to all, some experts were concerned by its 
distraction to students. However, through observation, none of the participating teachers 
found it a serious distraction to the students despite the “curiosity” at first several minutes. 
And some teachers attributed this extra attention from students at the beginning as novelty 
effect of new technology. Moreover, both experts and teachers were concerned that some 
students might complain the teacher for receiving too much or too little attention or 
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misinterpret the display. Besides this, teachers also expressed the concern that the data from 
the system might be abused by schools or parents. Hence a careful consideration of possible 
social effects is needed when designing similar systems. Given that privacy concerns are 
appropriately dealt with, we believe to make this feedback also visible to the students is 
constructive for creating learner-centered dynamics in the classroom. 

Teachers considered the display to be effortless and direct. Although E1 estimated that it 
might be difficult to have “some overview” of the displayed data with this distributed 
system, T2 experienced that an understandable pattern emerged in the space through the 
colors. Different from what E2 had assumed, the display was not experienced as 
demanding: Beacons could be easily discarded when the teachers were busy. 

5.7.2 Design Implications   

The field evaluation presented in the chapter aims to study how a peripheral information 
display can enhance secondary school teachers’ reflection-in-action. Despite it being 
recognized as a crucial skill for teachers (Adler, 1991; Hatton & Smith, 1995), RiA appears 
to be “the most demanding type of reflecting” [19 p.46] of teachers, since it requires 
thinking about their performance while in the midst of it. The current techniques to increase 
teachers’ reflectiveness are costly, time-consuming and are therefore only sporadically 
implemented. Little is known about how technology can, in real-time, enhance RiA. 
Motivated by this, we conducted a field study with an ambient display called ClassBeacons, 
which we hypothesized to support teachers’ RiA on teacher proximity: their division of 
time and attention over students in classroom teaching.  

Reflection-in-action helps teachers to examine the implicit or spontaneous (Schön, 1983, 
1987) aspects of their ongoing practice to avoid ‘over-routinized’ performance and promote 
responsiveness during classroom teaching (Hatton & Smith, 1995; Schön, 1983). Teacher 
proximity is such an implicit yet very relevant aspect to reflect upon in teaching (Caldwell, 
1979; Gunter et al., 1995; Kale, 2008; Shores et al., 2017; Sills-Briegel, 1996). As shown 
by our findings, ClassBeacons system facilitated three types of reflections-in-action, 
echoing three stages in teachers’ reflective process described by the ALACT model 
(Korthagen & Kessels, 1999) (see Figure 5-6). First, it supported the stage Looking back on 
action. RiA, at the very least, refers to practitioners’ monitoring of action: “think about 
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what they are doing while doing it” [46 p.275]. Teacher proximity is challenging to 
consciously keep track of in teaching. ClassBeacons enabled teachers to easily monitor and 
confirm their proximity distribution throughout a lesson. Second, ClassBeacons supported 
the stage Awareness of essential aspects. Much RiA emerges when practitioners notice 
certain unwanted outcomes of their actions (Schön, 1987). As the teachers reported, 
ClassBeacons made them aware of certain unwanted patterns in their proximity 
distribution, which could further lead to insights in how their routinized or subconscious 
behaviors or physical context had been implicitly shaping their actions. In such way, the 
teachers indeed seemed to become “a researcher in the practice context” [46 p.68] who 
generates new understandings in their practice. Third, ClassBeacons supported the stage 
Creating alternative methods of action. RiA could yield not only “a new understanding” 
but also “a change in the situation” [46 p.68]. As reported by the participants, ClassBeacons 
helped them responsively modify upcoming interactions with students, and improvise 
actions alternative to their planned or conventional way of teaching. In summary, 
ClassBeacons seemed to help teachers transform teacher proximity from often an implicit 
consequence of their routines into an actionable resource for teaching, which they can 
easily reflect upon and responsively modify on the spot to potentially promote learner-
centered pedagogy. Our empirical findings thereby shed light on how an ambient system 
could enhance teachers’ RiA, and how such enhancement could benefit classroom teaching.  

While using teacher proximity as a specific example for contextualizing and evaluating 
RiA, we note that there are many other areas that teachers can valuably reflect upon during 
classroom teaching. Our study suggests more future works to explore depicting relevant yet 
implicit aspects on the spot to enhance teachers’ reflectiveness: e.g., imagine a system that 
depicts learners’ cognitive load (Abdelrahman, Velloso, Dingler, Schmidt, & Vetere, 2017) 
in supervised self-studying, to support teachers’ RiA on differentiated instruction (e.g. “Is 
this student’s current task too hard/easy? Shall I give him less/more challenge?”) 

Our study revealed the context-dependent nature of reflection-in-action (Schön, 1983, 
1987) in the specific case of teacher proximity distribution: what an ideal distribution looks 
like depends on both the context of a particular lesson and a teacher’s practical knowing 
about individuals’ needs. These contextual factors are currently impossible for a system to 
compute, but intuitive for the teacher to assess. Thus, it seems more meaningful for the 
system to objectively portray the data than to give an arbitrary assessment. As shown in the 



154 Designing and Deploying ClassBeacons 

 

results, an objective, neutral information display encouraged teachers to generate their own 
understandings of the practical situation. It is hence implied that practitioners’ 
reflectiveness could be enhanced not only by presenting relevant information, but also by 
leaving space in the presented information for framing their own coherent interpretations. 

It has been suggested that professionals’ reflection-in-action can be embodied with and 
facilitated by their repertoire, artefacts, or materials (Schön, 1983; Yanow & Tsoukas, 
2009). Our study specifically surfaced how RiA can be offloaded by an augmented physical 
environment. In general, cognition can be offloaded by the surrounding (Risko & Gilbert, 
2016): it has been revealed that in daily contexts (super market, workshops, kitchen, etc.), 
people commonly utilize space and environment as external scaffolding (Hollan et al., 
2000; Hutchins, 2005; Risko & Gilbert, 2016) to reduce the time and mental resources 
needed for cognitive tasks (e.g. to hide, highlight, or arrange objects in a space). 
Correspondingly, our results suggested that the spatial presence of ClassBeacons offloaded 
teachers’ reflection: serving as an external representation of their proximity distribution, it 
transformed teachers’ task of monitoring their whereabouts into a glance; and being 
spatially distributed, it offloaded teachers’ task of remembering or planning when to initiate 
reflections. Therefore, while prior designs showed how distributed systems could support 
classroom orchestration (Alavi & Dillenbourg, 2012; Bakker et al., 2013), our study 
showed how such a system could also serve as a cognitive ally (Hollan et al., 2000) to 
enhance teachers’ reflectiveness. 

Due to the limited time and mental resources in teaching, teachers’ RiA cannot be highly 
elaborate (Eraut, 2000) and has to rely on tacit know-how (Schön, 1983). Thus, an 
information interface to support RiA should also aim to be tacitly relied on rather than 
focally attended to by teachers during teaching, in order to avoid interfering with their 
actions or overburdening their mind. The low-res, unremarkable information display of 
ClassBeacons was experienced to enhance teachers’ reflectiveness without getting in the 
way of their classroom activities. And some teachers indicated that they preferred glancing 
rather than reading during teaching in terms of using an information interface. It is therefore 
suggested that leveraging the periphery (Weiser & Brown, 1997) of teachers’ attention 
(e.g., through ambient information system (Pousman & Stasko, 2006), or peripheral 
interaction (Bakker et al., 2015)) indeed seems a meaningful consideration for future 
designs to support teachers’ RiA. 
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To be mentioned, our design principles that were originally generated from RiA theories, 
are not limited to the specific design case of ClassBeacons that we used to contextually 
examine these principles. Our intention is to spur on more HCI works for supporting RiA. 
We believe that there are various possibilities to embody these principles in design, which 
are worth exploring in future: e.g., while P3 can be fulfilled by a spatial system, a tablet (if 
already used in a teacher’s main tasks), smartwatch, earpiece, or AR lens could also 
arguably fit P3. While a glanceable display works for P4, ambient sonification or haptic 
display could also be promising to explore. 

5.7.3 Limitations and Future Work 

One limitation of this study concerns a common challenge of data gathering for studying 
RiA. Although interview is commonly used to study reflective behavior (Hatton & Smith, 
1995; Yanow & Tsoukas, 2009), an obvious issue is that this method relies on the 
practitioners’ recall. To gain further insights in the process of using peripheral information 
systems, future studies may consider combining measures such as eye-tracking (Prieto 
Santos et al., 2015) and cognitive load assessment (Abdelrahman et al., 2017), during the 
practice to compensate or triangulate teacher’s recall. Another limitation, in terms of 
system design, is the large size of the wearable, which needs to improve in future iterations. 
Moreover, a longer-term field deployment would be needed in future studies to examine 
this systems’ longitudinal mediation of teachers’ reflectiveness. We also found that besides 
users’ appreciation of the on-the-spot feedback, several users also would like to see their 
attention distribution over pupils across lessons. This suggests a future work on a 
combination of reflection-in-action and reflection-on-action. 

5.8 Conclusion 

This chapter has been aimed for addressing our Research Objective 3 for this thesis: to 
explore how peripheral information display could benefit professional routines and probe 
related design implications. To do so we presented the design, expert review, and field 
evaluation of ClassBeacons, a distributed peripheral information display that visualizes 
teacher proximity in secondary school classrooms. ClassBeacons system subtly shows - 
real-time - how a teacher has distributed his or her whereabouts over the classroom during a 
lesson. In this way, ClassBeacons could unobtrusively support teachers’ momentary 
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reflections on how to divide their time and attention over students in their busy classroom 
routines. Based on our summary of theories of reflection-in-action, we hypothesize that 
ClassBeacons could enhance teachers’ reflection-in-action during teaching. Our findings 
from the expert review show that visualizing information about the teacher’s proximity 
could enable teachers to optimize their teaching on the spot, and promote learner-centered 
pedagogy. We then conducted the field evaluation to investigate teachers’ lived experiences 
of using the working system of ClassBeacons. Empirical findings gathered from 22 lessons 
of eleven secondary school teachers have shown both an overview and a number of 
examples about how teachers used ClassBeacons in their process of reflection-in-action. 
Namely, these examples demonstrate how ClassBeacons helped the teachers to quickly 
deliberate on their ongoing performance, and modify or improvise upcoming interactions 
with students (e.g., who to help next and for how long). These examples echo three stages 
of teachers’ reflective process described by ALACT model. Hence, our empirical findings 
reveal how a peripheral information display enhanced professional practitioners’ reflection-
in-action. Moreover, based on the teachers’ lived experiences, we also analyzed how the 
ClassBeacons system embodied the principles we believe to support reflection-in-action. 
By contextually validating these design principles through the case of ClassBeacons, we 
further discussed implications about designing such systems for supporting professional 
practitioners’ reflection-in-action. As a result, this chapter presents a concrete instance as 
well as related implications of designing peripheral information display to support 
professional practitioners’ routines. 



 

Chapter 6.                                              
Insights into Designing Peripheral 

Interaction for Professional Practitioners 

Abstract: In this chapter, our theoretical and empirical investigations in this thesis will be 
generalized and extended, in order to inspire more works about designing peripheral 
interaction for professional practitioners. Specifically, we generalize and discuss design 
insights including: (i) what design properties should designers aim for when designing 
peripheral interaction for professional practitioners, and (ii) what design considerations 
could support designers to achieve these design properties. To do so, on the one hand, we 
will base our generalization on the two design cases we presented in earlier chapters (i.e., 
FeetForward in Chapter 4 and ClassBeacons in Chapter 5) which explored the professional 
context of classroom teaching. On the other hand, to extend our design insights to a larger 
body of research, our generalization will also be based on another two design cases to be 
introduced in this chapter. These latter two cases by two master students were inspired by 
our design cases while exploring supporting another professional group: nurses who work 
in the Neonatal Intensive Care Unit (NICU) of a hospital. Therefore, in this chapter, we 
first present the two extra design cases from the practice context of NICU. Subsequently, 
by analyzing the four design cases together, we extract two design properties that we 
consider to be important for a designed peripheral interaction to possess in order to support 
the routines of professional practitioners. We formulate the first design property as: the 
designed interaction being subsidiary to the main practice. This property emphasizes that a 
peripheral interaction should be designed to meaningfully benefit professionals’ practice as 
a whole, rather than simply aimed to promote their multitasking. Being subsidiary means 
the interaction is relevant but not crucial to the ongoing practice; it also means the 
interaction can be unobtrusively embedded into the ongoing practice. The second design 
property is formulated by us as: the designed interaction being open to practical knowing. 
Practical knowing stands for professionals’ skills, know-how, or knowledge-in-practice that 
tacitly embodied in their front-stage routines by their proficient doing and thinking. This 
design property stresses the importance for a designed interaction to respect or leverage, 



158 Insights into Designing Peripheral Interaction for Professional Practitioners 

 
instead of challenging, their practical knowing. In short, we argue that the interaction 
should be aimed for providing alternatives to professionals rather than replacing their 
existing approach of doing things. Moreover, there should be space for professionals to 
customize or assign meanings to the designed interface.  Regarding each design property, 
we discuss a set of concrete design considerations using the examples from the four cases. 
These considerations are intended to help future related designs to achieve these two 
properties. 

6.1 Introduction 

Professional practitioners’ day-to-day routines in their “front-stage” (Eraut, 1995; Goffman, 
1959) practice are characterized by intensive events, complex activities, and unpredictable 
situations: e.g., think about teachers’ routines of classroom teaching, and nurses’ routines of 
nursing in the hospital. While engaging in their front-stage practice, practitioners have 
limited attentional resources available for interacting with supportive computing devices. 
However, current computing devices normally demand continuous focused attention from 
users (e.g., the graphical user interfaces of many mobile/desktop applications), which 
hinders these devices from seamlessly fitting into practitioners’ front-stage routines. In this 
thesis, we have investigated an alternative way to blend human-computer interactions into 
professional practice, by exploring the approach of peripheral interaction (Bakker et al., 
2015; Edge & Blackwell, 2009; Hausen, 2012). Peripheral interaction proposes designing 
human-computer interactions that can be carried out in the periphery of users’ attention, in 
order to impose limited attentional load onto users. This is why we have hypothesized that 
peripheral interaction is promising for supporting professionals’ front-stage practice. 

This thesis has been focused on exploring the potential meanings and design implications of 
peripheral interaction in supporting professional practice. In Chapter 2, based on literature, 
we examined the routines of professional practitioners to establish the theoretical 
background for our inquiry. In Chapter 3, we empirically investigated the classroom 
routines of secondary school teachers to contextualize our theoretical understandings and 
identify design opportunities in this particular context. Subsequently, In Chapter 4 and 5, 
we conducted two design explorations, which respectively probed the design of peripheral 
physical interaction and peripheral information display in teachers’ practice context. Based 
on these chapters, we have gathered rich and concrete implications on how peripheral 



6.2 Two Cases on Supporting Nurses’ Routines 159 

 
interaction could meaningfully help our target professionals (teachers) to seamlessly 
integrate supportive technologies into their front-stage routines.  

In this chapter, we analyze our own design cases about teachers as well as related cases 
about hospital nurses, in order to further and more broadly generalize design insights. By 
doing so, we aim to inform and inspire more future works on supporting the front-stage 
routines of professional practitioners. While school teachers are considered to be typical 
professional practitioners (Eraut, 2000; Schön, 1983), there are many other professionals 
whose front-stage practice is similarly intensive and complex: e.g., imagine the work of 
nurses, waiters/waitress, chefs, production engineers, firefighters, etc. Our design 
implications, which have been underlain by related theories of professional practice (see 
Chapter 2), and contextualized in the particular context of teachers, can arguably be 
distilled to benefit a larger body of design research. Therefore, to deepen our inquiry and 
extend our contribution, this chapter is intended for extracting design insights. Specifically, 
we aim to offer insights in what design properties should the designed peripheral interaction 
possess in order to meaningfully support professionals’ routines, and what design 
considerations could potentially help designers to achieve these design properties.  

To generalize design insights beyond the context of our own design explorations, i.e., 
classroom teaching, our generalization in this chapter will also include two design cases 
about a different professional group: nurses who work in the Neonatal Intensive Care unit 
(NICU) of a hospital. Both of the design cases  (Cabral Guerra et al., 2019; van Bentum et 
al., 2019) have been inspired by our design explorations (Feetforward and ClassBeacons); 
and they were carried out by two master students in Industrial Design. As a result, in this 
Chapter, we will first introduce the design and deployment of the two peripheral systems 
aimed for supporting nurses. Subsequently, based on the commonalities among these two 
design cases as well as our own design cases about teachers, we will generalize design 
insights which are intended to inform and inspire future related HCI designs. Specifically, 
we will formulate two design properties that we believe are important for the designed 
peripheral interaction to have, in order to meaningfully support professional practitioners. 
Moreover, to help designers achieve these design properties, we will also generalize and 
discuss six design considerations that could be possibly thought about when designing 
peripheral interaction for professional practitioners. 
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6.2 Two Cases on Supporting Nurses’ Routines 

This section introduces two design cases of peripheral interaction that were inspired by our 
design explorations presented earlier in this thesis while addressing the professional context 
of nurses in the Neonatal Intensive Care Unit (NICU) of a hospital. These two cases  
(Cabral Guerra et al., 2019; van Bentum et al., 2019) were executed by two master students 
studying Industrial Design. Corresponding to our work of FeetForward and ClassBeacons, 
these two cases also include a design of peripheral physical interaction and a design of 
peripheral information display. As similar to our approach, the design process of each case 
started from a contextual study of the target practice context (NICU department in a 
hospital) and iteratively carried out with close involvements of the target professional 
practitioners: NICU nurses. These two design cases compensate our design explorations by 
addressing another professional context, which is different from classroom teaching but 
similarly featured by complexity, intensity, and uncertainty (e.g., see an ethnographic study 
on ICU nurses’ workaday routines (Storesund & McMurray, 2009)). As a result, these two 
design cases will be used later in this chapter, together with the cases of FeetForward and 
ClassBeacons, to underlie the generalization of our design insights. 

6.2.1 Beepless Pedal: Peripheral Physical Interaction for Nurses 

Beepless Pedal (Cabral Guerra et al., 2019) is a design project by Miguel Cabral Guerra. As 
we have surfaced in the study of FeetForward, peripheral physical interaction can 
meaningfully enrich practitioners’ repertoire of action on the fly, so that they can 
seamlessly perform certain human-computer interaction as a solution to an emerging (either 
repetitive or novel) situation during their intensive practice. The project of Beepless Pedal 
could provide another example to this. As Figure 6-1 shows, Beepless Pedal was designed 
to support NICU nurses as a foot-based shortcut for silencing clinical alarms from the 
patient monitor; and it aims to shift this task towards the periphery of a nurse’s attention 
when he or she is busy taking care of the patient inside the incubator: the nurse could fulfill 
it by simply foot-pressing, without having to paralyze his or her ongoing task flow at hand. 

A patient monitor continuously senses the vital signs of a neonatal patient inside an 
incubator and generates clinical alarms to indicate possibly unstable medical conditions of 
the patient, which calls for attention from nurses. The clinical alarms generated by the 
monitor often include a considerable number of false or non-actionable alarms. When a 
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nurse hears or sees (from the patient monitor) such an alarm, he or she must quickly 
analyze the patient’s vital signs, decide if the alarm is actionable, manually silence this 
alarm by pressing a button on the remote control of patient monitor which is often attached 
to the monitor (see Figure 6-1 (a)). This move confirms that the nurse has perceived this 
alarm. Otherwise, after a 30-second (or three minutes depending on the type of alarm) time 
window since the alarm is actuated, all the nurses working in NICU will receive an alarm 
notification on their handheld devices. As revealed by a shadowing study in the early stage 
of this project (Cabral Guerra et al., 2019), when working at an incubator, a nurse has to 
press the button to silence alarms quite often. However, as also found by Cabral Guerra, 
while working at incubators, nurses often engage in activities such as changing diapers, 
feeding, heel pricks, changing ventilator masks, etc. In those situations, a nurse’s hands are 
occupied by complex motor tasks inside the incubator, which makes it difficult for him or 
her to silence the alarm at the same time. Instead, the nurse may have to pause from the task 
at hand, press the button outside the incubator to silence the alarm, sanitize hands, and then 
resume the unfinished task inside the incubator. This suggests that a nurses’ repertoire of 
action is somewhat limited in terms of dealing with the monitoring alarms while performing 
tasks at the incubator.  

To address the above mentioned challenge, after several rounds of iterations, the working 
prototype of Beepless Pedal has been developed and implemented it in a hospital for a 
preliminary evaluation (Cabral Guerra et al., 2019). Moreover, on top of the actuator, a 
button-shaped structure is placed, which still allows the nurses to manually press it down to 
silence the alarms in appropriate situations. A preliminary evaluation of the functioning 
prototype of Beepless Pedal was conducted in a local hospital. The prototype was 
sequentially implemented in three different rooms, each for one day with a six-hour period 
of shadowing. There were three participating nurses (two females and one male), and three 
neonatal patients involved in the evaluation. During each six-hour period of shadowing, 
once a nurse entered the room where the  prototype  was  implemented, a  researcher  would 
follow the nurse entering the room to observe and take notes of the workflow of that nurse. 
Meanwhile, photos were taken during the nurse’s task performance at the incubator. 
Besides the notes and photos taken during the shadowing, a semi-structured interview was 
also conducted afterwards with each nurse to gather their detailed opinions regarding using 
Beepless Pedal in their routines. 
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Figure 6-1. Beepless Pedal (Cabral Guerra et al., 2019). (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 the pedal next to her foot. 

In general, the participating nurses of considered Beepless Pedal to be useful since it 
allowed them to uninterruptedly take care of the patient without having to draw their hands 
out of the incubator to silence alarms (Cabral Guerra et al., 2019). As we have found in 
Chapter 4, the peripheral physical interactions supported by FeetForward provided 
meaningful and effortless ‘shortcuts’ that could expand teachers’ repertoire of action in 
their classroom lecturing. Correspondingly, based on the preliminary evaluation of 
Beepless Pedal, its peripheral physical interaction also provided a meaningful shortcut that 
could add to nurses’ repertoire of action. Namely, with the support of Beepless Pedal, a 
NICU nurse is provided with a new option of silencing alarms that he or she could readily 
deliver simultaneously when taking care of the patient in the incubator through hands. This 
can help the nurse avoid inconvenient interruptions from the alarms to his or her tasks 
inside the incubator. In this way, Beepless Pedal meaningfully added to the available 
actions a nurse could draw upon when reacting to monitoring alarms in varying practical 
situations within the workaday practice of NICU nurses.  

6.2.2 CheckMates: Peripheral Information Display for Nurses 

CheckMates (van Bentum et al., 2019) is a project by Jesper van Bentum. As a continuation 
of the design project by Cabral Guerra, this project also aims to support the professional 
routines of nurses working in a NICU department. As found in the study of ClassBeacons 
in Chapter 5, peripheral information display could unobtrusively enhance practitioners’ 
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reflection-in-action, which helps them make sense of the situation at hand and modify 
actions accordingly. CheckMates were also designed to show peripheral information 
intended for facilitating practitioners’ sense-making during their unpredictable workflow. 
Similar to ClassBeacons, the CheckMates system consists of multiple light-objects. Each 
light-object shows to nurses the amount of supply left in a medical device around an 
incubator, which could support nurses to proactively plan the timing of refilling or 
replacing the supply of each medical device in their intensive routines (i.e., reflection-in-
action  (Schön, 1983)). As Figure 6-2 shows, the light-objects of CheckMates were 
implemented for displaying the supply status for three types of medical devices: the water 
level of the water tank of the heating and humidifier unit of the incubator, the water tank 
level of the patient ventilator and the remaining medication within the infusion pump of the 
medical syringe. Each light-object is placed next to its corresponding device and uses a 
green-blue spectrum to indicate the information. Green means the device has enough 
amount of supply while blue means the device is running out of supply. One hour before a 
device will run out of supply, its light-object will start a continuous and slow color shift 
from green to completely blue: the more the color goes to blue, the less supply its  device  
remains  (see the  color  change  spectrum shown  by Figure 6-2 (b)). The one-hour time 
frame is estimated based on the supply consumption speed of that particular device. Right 
before the supply alarm will be activated, the full blue light-object will start pulsing (as 
illustrated in Figure 6-2 (b)). 

The three types of medical devices mentioned above all have their own pre-existing 
indicators for supply status. For example, nurses could see the water level of the water tank 
through the scales printed on its transparent surface (also shown in Figure 6-2 (a)); and the 
medication syringe has a small screen to indicate the remaining medication. However, these 
indicators require nurses to get close and focally check.  Besides, a patient room at the 
NICU is usually darker than a regular room, which may add even more efforts for reading 
the information. 

Nurses often have to deliberately remember to check on these devices every now and then 
in order to keep track of when the supply of each device will be used up. Such reflection-in-
action could help a nurse refill the supply timely, in advance of an undesirable auditory 
alarm being triggered by a device. Such auditory alarms are triggered by these medical 
devices if their remaining supplies go below a critical level and require refills urgently. 
These alarms are loud and  noisy  which  continuously  call  for  attention  and  reaction  of  
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Figure 6-2. CheckMates (van Bentum et al., 2019).  (a): a light-object of CheckMates system 
attached to the water container of the incubator; (b): the color change spectrum of each light-
object; (c) multiple light-objects implemented around the incubator (within the yellow circles). 

nurses until their supplies have been refilled. For example, such an alarm sound is initiated 
by a syringe when its medication will be used up in 15 minutes. Sometimes, unwantedly, 
multiple devices could activate their alarms in the same period of time. As suggested in the 
contextual study of CheckMates (van Bentum et al., 2019) as well as prior related medical 
research, nurses would always try to avoid such alarm sounds from the devices, since: (1) 
they have negative effects on the development of neonatal patients (Lai & Bearer, 2008); 
(2) they could lead to nurses’ alarm fatigue (their desensitization to the sounds of alarms) 
which may make them miss critical information of patients’ condition (Cvach, 2012); and 
(3) they can increase the nurses’ stress and accompanying parents’ anxiety, and might 
eventually cause nurses’ burnout (Braithwaite, 2008). For these reasons, nurses need to be 
aware of the supply status of these devices and reflect in actions on how much time has 
been left for the alarms of these devices to be activated, and when they should plan to 
renew the supplies of the devices. By doing so, they could make sure that no alarm will be 
activated when they have to be busy dealing with other tasks. The CheckMates system is 
therefore designed to support such a sense-making process in their routines.  

An evaluation of CheckMates design was conducted (van Bentum et al., 2019), including 
an expert review of the design concept and its envisioned use scenarios. Three experts 
specialized in neonatology were involved. Besides, the evaluation also included a lab-based 
user test in a local hospital, which involved eight nurses in its NICU department. The user 
test adopted a simulation set-up in which each participating nurse was acting upon three 
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designed scenarios with doll patients inside incubators. Three light-objects of CheckMates 
were implemented to three devices (a water tank of a heating and humidifier unit of the 
incubator, a water tank of a patient ventilator, and a medication syringe), showing the 
mocked-up supply conditions of these devices. The nurses were hence observed to see how 
they would use CheckMates during acting in the designed scenarios. After having 
experienced the design scenarios, a semi-structured interview was conducted with each 
nurse to gather opinions regarding using CheckMates. 

As considered by participating experts and nurses, CheckMates indeed was promising to 
offload nurses’ tasks of keeping track of the supply status of different devices; and the 
nurses provided a number of examples revealing how the system could support their quick 
reflections in busy practice for proactively planning the refilling of supplies in order to 
reduce preventable alarms (van Bentum et al., 2019). As we have surfaced in the field 
evaluation of ClassBeacons system, its peripheral information display unobtrusively 
enhanced teachers’ reflection-in-action (Schön, 1983) on how to divide time and attention 
over pupils throughout a lesson. Corresponding to this, the preliminary evaluation of 
CheckMates seemed to offer another example on how peripheral information display could 
unobtrusively support practitioners’ reflection-in-action and thus make them more mindful 
and responsive about the depicted situations in their complex and varying context. For 
instance, as the participating nurses experienced, CheckMates could increase their 
responsiveness by making them more sensitive in noticing the upcoming preventable 
alarms as well as more proactive in planning the timing to renew the supplies of medical 
devices in order to avoid these potentially preventable alarms.   

Until now, we have introduced the two design cases from the professional context of NICU 
nurses, which will be used together with our own cases to generalize and extend the design 
insights into supporting professional routines through peripheral interaction. In the 
upcoming section, we will start generalizing these insights, including two relevant design 
properties as well as six design considerations. 
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6.3 Generalizing Design Properties and Design 
Considerations 

In this section, we generalize and discuss two design properties that we consider as valuable 
to aim for when designing peripheral interaction for professional practitioners. As Figure 6-
3 shows, these two design properties are: (1) the designed peripheral interaction being 
subsidiary to the main practice and (2) the designed peripheral interaction being open to 
practical knowing. 

 

Figure 6-3. An illustration of our generalization from the four design instances (labeled as 1, 2, 
3, 4) to the design properties and design considerations.  
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As Figure 6-3 shows, the two design properties are generalized from the four design cases 
which include designs of both peripheral physical interaction and peripheral information 
display, encompassing the professional contexts of both teachers and nurses. In the 
remaining of this section, we will explain the implications of these design properties. 
Moreover, regarding each design property, we propose and contextualize three design 
considerations that can possibly facilitate designers to achieve that property. 

6.3.1 Design Property 1:                                                                                                                             
The Interaction Being Subsidiary to the Main Practice 

Based on our generalization of the four design cases, we formulate the first design property 
of peripheral interaction for professional practitioners as: the designed interaction being 
subsidiary to the main practice. The word subsidiary means less important than but related 
or supplementary to. Therefore, on the one hand, being subsidiary means the designed 
peripheral interaction is beneficial but not critical to practitioners’ main activities. This is 
because peripheral interaction should be aimed for supporting practitioners’ secondary 
tasks so that they can better focus on their essential or critical aspects of the ongoing 
practice. Tasks which demand high engagement or cautiousness of practitioners are not 
suitable to be supported by peripheral interaction. On the other hand, being subsidiary also 
means that the designed peripheral interaction can be easily performed relying on 
practitioners’ “subsidiary awareness” (Polanyi, 1962) rather than focal awareness. 

That being said, the designed peripheral interaction can be seamlessly weaved into their 
ongoing main practice, without disrupting their flow of preexisting routines, or 
overburdening their thought. In specific, based on our inquiry, there are three aspects to be 
possibly considered by designers aiming to 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 short-term effortless engagements of practitioners. 
Design consideration 1.3: provide supports in the proper places, at the proper 

moments, using proper modalities. 

In the following part of this subsection, we will discuss in detail on how the above 
considerations could help achieve this design property. 
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6.3.1.1 Design consideration 1.1:                                                                                                        
Support tasks that are beneficial but not critical to the main practice. 

With this design consideration, we aim to support designers to identify what tasks of 
professional practitioners are suitable to be supported by peripheral interaction. Namely, we 
argue that peripheral interaction is especially valuable for supporting professionals’ 
secondary tasks, or sub-tasks which can benefit their main practice, but which they cannot 
allocate much attention to during practice. Conversely, tasks which are of essential 
importance and often demand high engagement or cautiousness of practitioners may not be 
suitable to be accomplished through peripheral interaction. 

First, we concretize this consideration using our own design cases of FeetForward and 
ClassBeacons which focused on secondary school teachers. In classroom teaching, the 
essential activities for teachers are pedagogical interactions with students. Correspondingly, 
the two designed systems are intended to benefit two types of pedagogical interactions: 
lecturing (FeetForward), and supervised self-studying (ClassBeacons). To do so, the two 
systems supported teachers’ tasks which are meaningful but secondary to those main 
activities: manipulation of an interactive whiteboard for lecturing (FeetForward), and 
managing teacher-proximity distribution for supervised learning.  On the one hand, these 
tasks are not critical: the performance of these tasks is not the most significant determinant 
of teaching performance when compared with tasks such as verbal communications with 
students. On the other hand, having support in these tasks did meaningfully benefit 
teachers’ performance of their essential activities. For instance, as shown in their field 
evaluation, FeetForward facilitated teachers’ use of digital resources during lecturing, and 
ClassBeacons increased teachers’ awareness and deliberation about dividing time and 
attention over pupils during supervised learning. 

Similarly, in the two design cases of Beepless Pedal and CheckMates which tackled the 
professional context of neonatal patient nursing, peripheral interaction was leveraged for 
supporting beneficial but not critical tasks. Beepless Pedal supports nurses to silence non-
actionable alarms from the patient monitor; and CheckMates supports nurses to proactively 
manage the timing of refilling medical devices, which might help avoid some preventable 
alarms from those devices. These tasks (i.e., dealing with non-actionable alarms or reducing 
preventable alarms) are not as critical as the tasks that directly involve taking care of the 
patients or identifying and making decisions about their critical medical conditions 
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indicated by critical alarms. In other words, these tasks do not require high cautiousness or 
accuracy when compared with some more critical tasks of caring for the patient: such as 
collecting blood from the neonatal patient through heel prick, a task requiring the nurse to 
act very carefully and precisely, or, distinguishing the critical actionable alarms from the 
non-actionable alarms, a task requiring nurses to quickly analyze the situation based on the 
vital signs of the patient as well as their experiences. Also, a delay or temporary suspension 
of these non-critical tasks is less likely to cause severe consequences when compared with 
the more critical tasks: such as feeding the neonatal patient, a task that must strictly follow 
a time schedule, or, acting upon a critical medical condition of the patient (e.g. desaturation 
and bradycardia), which is usually prioritized over other tasks. Therefore, these tasks that 
demand relatively less cautiousness or priority, are suitable to be supported by peripheral 
interaction; and as experienced by the participating nurses, being supported in these tasks 
indeed meaningfully benefited their main activities of nursing the patients. For instance, 
Beepless Pedal could reduce the interruptions to their main activity of taking care of the 
patient in the incubator. CheckMates could help nurses proactively distribute their tasks of 
refilling medical devices to relatively low-workload periods, avoiding these tasks 
competing with main activities of nursing the patient. 

This design consideration can also be supported by prior theories regarding peripheral 
interaction in general. For example, the work by Matthews et al. on peripheral display 
(Matthews et al., 2007) suggests that peripheral display is typically suitable for showing 
“non-critical” information. The work by Pousman and Stako defines ambient information 
systems as systems displaying information “that is important but not critical” (Pousman & 
Stasko, 2006). The work by Bakker et al. on peripheral interaction (Bakker et al., 2015), 
which encompasses both physical interaction and information display in the periphery of 
attention, argues that peripheral interaction should be used to support “interactions that are 
relevant but not critical.” In principal, peripheral interaction means to support human-
computer interactions as secondary tasks in users’ daily lives. As Bakker et al. (2014) 
pinpointed, not any human-computer interaction is suitable to be carried out in the 
periphery of attention: a fire alarm, for example, should always be in the center of users’ 
attention by its nature. 

Nonetheless, while echoing the above research which concerns peripheral interaction in 
general, our work further surfaces and emphasizes this consideration in terms of designing 
for professional practitioners. As vividly manifested in the four cases, different from 



170 Insights into Designing Peripheral Interaction for Professional Practitioners 

 
generic users or users in domestic or leisure contexts, professional practitioners are a group 
of users who have an explicit and urgent practical goal (e.g., teaching students, or nursing 
patients) to pursue, which is beyond the specific goal of using a designed interface. 
Therefore, perhaps different from designing for users in domestic or leisure contexts, the 
goal of designing peripheral interaction for professional practitioners is beyond mere 
facilitating their performance of the designed interaction per se, or, simply promoting them 
to do multitasking. Instead, the goal of designing peripheral interaction for professional 
practitioners is to benefit their practice as a whole, in which the designed interaction only 
serves as a “particular” (Polanyi, 1962) which is meaningful but not in the center of the 
whole practice, and which can be focused beyond but still contribute to the overall practice. 
It is for this reason, we argue for the design consideration we have presented above.  

In summary, this consideration has two aspects. On the one hand, peripheral interaction 
ought to be utilized to support non-critical tasks of practitioners, meaning tasks in the center 
of practice which are of essential importance and often demand high engagement or 
cautiousness of practitioners may not be suitable to be accomplished through peripheral 
interaction. On the other hand, peripheral interaction is promising to facilitate practitioners’ 
secondary tasks which can add value to their ongoing main practice, for instance, as 
demonstrated in the four cases, by enriching their action repertorie or enhancing their 
sense-making process on the spot. 

6.3.1.2 Design consideration 1.2:                                                                                        
Enable short-term, effortless engagements of practitioners. 

Another commonality in design shared by the four cases is that they all supported short-
term effortless engagements of practitioners, which eased the designed interactions to be 
performed during their moments of busyness. This is another design consideration we 
believe that can help characterize the design property of being subsidiary to the main 
practice. 

Being subsidiary does not only mean that the designed peripheral interaction supports 
practitioners’ beneficial and non-critical tasks; it also means that the designed interaction 
can be performed relying on practitioners’ “subsidiary awareness” (Polanyi, 1962). That is, 
the interaction can be tacitly relied on by practitioners without demanding continuous focal 
attention (i.e. ”focal awareness” (Polanyi, 1962))  from the practitioner. As surfaced in all 



6.3 Generalizing Design Properties and Design Considerations 171 

 
the four design cases, professional practitioners often have limited time and attention 
available for using supportive technologies in their busy and intensive main activities. 
Therefore, as revealed in the four cases, it is important to design interaction that can be 
easily performed by practitioners at a moment in which the interaction can still make a 
difference in the main unfolding practice. For this reason, we consider short-term, effortless 
engagements to be meaningful in order to make a designed interaction to be subsidiary to 
the main practice in which the interaction is performed. We will now contextualize this 
design consideration by examples of both peripheral information display as well as 
peripheral physical interaction. 

The two design examples of peripheral information display, ClassBeacons and 
CheckMates, were both appreciated by their targeted practitioners for enabling short-term, 
effortless, and unobtrusive information perception at a glance. For example, in the case of 
ClassBeacons, most of the participating teachers experienced that their every engagement 
with the information display was quick (e.g., feels like “a couple of seconds”), and the 
displayed information felt intuitively easy to comprehend. As they also mentioned, when 
they were fully devoted into some tasks such as having a discussion with students, or 
closely overseeing what he/she is doing, they could easily ignore that the lamp was there. 
Two participating teachers explicitly pinpointed that during teaching, they would prefer 
glancing rather than “reading” in terms of using an information interface, since they have to 
pay more visual attention to observing students’ status. This is similar to the context of the 
NICU since nurses have already many streams of information to focus on including 
patients’ behavior and their vital monitoring data. Thus, CheckMates could possibly 
disburden nurses in this context by shifting some of their observational tasks from requiring 
focal visual engagement (e.g., reading the information of how much medication is left in 
the syringe) to relying on a glance.  

Similarly, the design examples of peripheral physical interaction, FeetForward, and 
Beepless Pedal, were experienced by their targeted practitioners to support short-term, 
effortless, and unobtrusive physical interaction through a foot-based or a tangible 
interaction style. For instance, based on the teachers’ lived experiences with FeetForward, 
their interactions with its pedals were effortless and time-efficient. In general, teachers’ 
interaction with a FeetForward pedal occurred within four seconds, a duration which 
characterizes a microinteraction and is believed to impose minimal interruption to the main 
task of  a user (Ashbrook, 2010).   
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As demonstrated by the four cases, supporting short-term effortless engagements of 
practitioners indeed can facilitate a designed interaction to be performed without requiring 
continuous focal attention from professional practitioners. Corresponding to our 
generalization, findings of prior research related to peripheral information display also 
provide similar insights. For example, both Matthews et al. (2007) and Pousman & Stasko 
(2006) suggest designers to carefully consider the notification level of an information 
interface in order to avoid peripheral information proactively demanding users’ attention or 
interrupting them. On top of that,  (Pousman & Stasko, 2006) also suggests designers to 
deliberately consider the information capacity (i.e., how many information pieces are to be 
displayed), and representation fidelity (i.e. how detailed each information is represented), in 
order to make sure that the designed information display is informative enough, but not 
overwhelming to the users. These suggestions are in accordance with our gained 
understandings, which propose enabling glanceable and low-res information display when 
designing for professional practitioners.  

Moreover, this design consideration can also be supported by prior research related to 
peripheral physical interaction. For example, studies on microinteraction (Ashbrook, 2010; 
Wolf, Naumann, Rohs, & Müller, 2011) suggest designing minimalist action to achieve a 
bodily interaction, in order to minimize its interruption to users. Whacking gesture 
(Hudson, Harrison, Harrison, & LaMarca, 2010), as another example, proposes whacking 
as an example of “inexact” and “inattentive” interactions: e.g., whacking the smart phone in 
your pocket to quickly mute an incoming phone call without taking the phone out. Also, the 
prior work on peripheral interaction (Bakker et al., 2015) proposes designing “easy-to-
initiate” and “easy-to-discard” interactions to make the designed physical interaction 
“ready-to-hand” (Heidegger, 2005). These suggestions also echo our proposition of 
enabling short-term, effortless engagements of professional practitioners. By the word 
engagement, we mean the process in which users attend to the goal and performance rules 
of a designed interaction. For example, a user interprets desired information from an 
interface, or, a user selects and executes the proper sensorimotor sequence to achieve a 
specific function (e.g., locate and reach to a button to turn on a lamp). Therefore, it is 
possible that we have short-term engagement with an interface while having prolonged 
physical contact with it. For example, while driving, our foot may have constant physical 
contact with a pedal, but this does not mean we are having continuous engagement with the 
car pedal. 
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Additionally, being simple and effortless could also make the designed physical/bodily 
interaction easy to learn and to practice by the users, which quickens the process of 
habituation of the designed physical/bodily interaction. As pinpointed by prior related 
studies by (Bakker et al., 2015) and (Hausen et al., 2013), as well as revealed in our study 
of FeetForward, the designed peripheral physical interaction always requires a process of 
learning by practicing, in order to really become unhesitant and spontaneous to perform. 
Such a learning process can be explained by cognitive theories such as motor skill 
acquisition (Dayan & Cohen, 2011) or behavior automaticity (Gardner et al., 2012; Wood 
& Rünger, 2016). Although in principle, many complicated motor skills (e.g., playing the 
piano) can become eventually spontaneous, they will require a prolonged period and a large 
number of efforts to learn (Dayan & Cohen, 2011). In general, according to  (Dayan & 
Cohen, 2011), motor skills involving more sensorimotor steps, or, demanding higher 
accuracy at a given speed, require more cognitive resources or skill level to perform and are 
more difficult to acquire. Conversely, motor skills take less time to acquire when they 
consist of less sensorimotor units or require less accuracy during the performance. For 
example, the interaction of FeetForward was designed to rely on simple sensorimotor 
elements without requiring high accuracy in the performances (i.e., foot-pressing on a 
pedal). As a result, according to our data, during the five-week use, several interactions 
with FeetForward gained a perceivable increase of behavior automaticity according to the 
self-report scales (Gardner et al., 2012) by teachers, which possibly revealed a shift of the 
interactions towards the periphery of the teachers’ attention. 

6.3.1.3 Design consideration 1.3:                                                                                                
Provide supports in the proper places, at the proper moments, using proper 
modalities.  

As similar in all four cases, the participating practitioners appreciated that the designed 
peripheral interactions supported them in the proper place, at the proper moment, using 
proper (perceptual or motor) modality; and this avoided the new interactions from causing 
disruption to or interference with their pre-existing workflows. We argue that the property 
of being subsidiary to the main practice implies that the designed interaction should fit in 
an existing “artifact ecology” (Bødker & Klokmose, 2012) of a practice context, which is a 
compound of events, artifacts, and environmental factors (e.g., locations or spatial 
arrangement of things). Therefore, designers should not only consider the designed 
peripheral interaction in itself. In addition, they should also look at practitioners’ existing 
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workflows and physical surroundings, which the designed interaction is to be situated in. 
The design consideration presented here aims to help designers to adopt an ecological view 
when designing for professional routines. In general, this design consideration is inherently 
related to the idea of distribution, by which we mean appropriately distributing 
practitioners’ interactions with computing systems 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 perceptual or motor resources.  

Firstly, as revealed by the distributed displays of ClassBeacons and CheckMates, situating a 
piece of displayed information in its own relevant location could meaningfully offload 
practitioners’ workload of interpreting this information. For instance, each small lamp of 
ClassBeacons depicts information that is related to its adjacent students: how much 
physical proximity the teacher has delivered to these students. This spatial visualization, 
which uses the lamps as “tangible pixels” to unremarkably augment the classroom space, is 
different from a screen-based approach of visualizing the teacher’s proximity data, e.g., the 
design concept of “Heatmap” presented in Chapter 5 (Section 5.6.1). As experienced by the 
teacher participants, the distributed lamps of ClassBeacons made the displayed information 
intuitive; they did not have to think about which piece of information is related to which 
location of the classroom or which group of students. Conversely, if the teachers were using 
a screen-based visualization, they might have to make extra efforts to read the screen, and 
deliberately interpret which piece of information on the screen is mapped to which location 
or student group in reality. Furthermore, as pinpointed by a participating teacher, students’ 
desks are indeed good places for situating the displayed information, since those are the 
places where the students are and thus where a teacher will look at most often during 
classroom teaching. Likewise, each light-object of CheckMates and the medical device 
whose supply state is indicated by that light-object are co-located, which could potentially 
save efforts for nurses in interpreting the displayed information. For example, when a nurse 
notices a blue lamp in the surrounding, he or she can immediately tell which medical device 
needs refill. As suggested above, the type of distribution discussed here does not only 
represent the ubiquity (Weiser, 1993) of designed computing systems, but also the ubiety 
(Buxton, 2018) of these systems, meaning “the right technology at the right place” (Buxton, 
2018). In this way, the distributed displays of ClassBeacons and CheckMates were able to 
fit in and augment practitioners’ surroundings, and tacitly eased their interpreting of the 
displayed information. Similar findings have been addressed by Holstein et al., who thereby 
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propose designing the classroom per se as an information dashboard for teachers (Holstein, 
Hong, Tegene, McLaren, & Aleven, 2018).  

Furthermore, we have found that by situating information pieces in the right places of their 
surroundings, ClassBeacons and CheckMates also seemed to distribute practitioners’ 
receiving of relevant information to the suitable moments of time. As reported by a number 
of participating teachers, the placement of ClassBeacons system enabled its use to be 
naturally woven into teachers’ pre-existing observational tasks that had been frequently 
performed by them in their nomadic routines (see section 5.6.2). In other words, they did 
not need to plan an ad-hoc moment to stop their work at hand and access the display of 
ClassBeacons. For example, a teacher participant reported a moment that she finished 
helping a student and started looking around to see which students she should visit next. At 
this moment, while observing students, she seamlessly noticed the information from 
ClassBeacons, which informed her ongoing decision-making process about which student 
to visit next. Similar examples were found from the study of CheckMates. As the 
participating nurses mentioned, throughout their shifts, they have regular moments of 
checking and taking notes of patients’ vital data from the patient monitors. Some nurses 
indicated that the use of CheckMates could be meaningfully integrated into these moments: 
when they were looking at the patient monitoring systems, it was natural for them to notice 
the light-objects of CheckMates, and be aware of whether they need to refill a device soon. 
One nurse envisioned that CheckMates might also be integrated into nurses’ moments of 
walking through the corridor to visit and check different rooms since they could also see 
light-objects from outside a room. As shown by the examples addressed above, 
ClassBeacons and CheckMates helped distribute practitioners’ receiving of relevant 
information to the suitable moments in their existing workflows, without demanding them 
to plan ad-hoc timing in advance or paralyze their work at hand to access the information. 

FeetForward and Beepless Pedal also embodied the idea of distributing computer-related 
tasks over the right places to the right moments of time. They achieved this by serving as 
decoupled interfaces (Hausen, 2014) to practitioners’ existing devices. For example, 
FeetForward enabled customized shortcuts decoupled from their laptops, so that they can 
easily achieve certain functions which could be previously difficult to achieve in front of 
the interactive whiteboard while lecturing to students. Similar to this, Beepless Pedal 
offered a decoupled interface to the alarm silencing button on the patient monitor, which 
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was experienced as meaningful at the moment when nurses are taking care of the patients 
inside the incubator.  

It is therefore suggested that the design of both peripheral information display and 
peripheral physical interaction can benefit from meaningfully distributing the designed 
interaction over proper places and to the proper moments of time. This can be supported by 
related theories what we have addressed earlier in Chapter 2 (section 2.2). Specifically, in 
the related studies regarding cognitive offloading (Risko & Gilbert, 2016) as well as 
distributed cognition (Hollan et al., 2000; Hutchins, 2005), it has been revealed that in 
general, cognition can be offloaded to the surrounding (Risko & Gilbert, 2016): it has been 
revealed that in daily contexts (super market, workshops, kitchen, etc.), practitioners 
commonly utilize space and environment as external representation (Hollan et al., 2000) to 
reduce the time and mental resources needed for cognitive tasks (e.g., to hide, highlight, or 
arrange objects in a space). For example, office workers create piles of documents in the 
environment to simplify or prioritize their tasks: different piles possibly indicate different 
types of tasks; and within a pile, documents that have been frequently used and thus might 
be more likely to be used in future, are perhaps placed at the top part of the pile. For 
another example, a chef may distribute different spoons next to different ingredients, or on 
the lids of the ingredient containers, because the spoons will be used exactly in those 
locations, at the moments when those ingredients are needed. Such a process can be very 
natural and tacit that we are often not explicitly noticing it  (Hollan et al., 2000). However, 
through such a process, the surrounding serves as practitioners’ external scaffolding, with 
which they can tacitly offload their workload by meaningfully allocating their tasks and 
resources among the right places and the right moments. We will now further explain how 
such meaningful distribution could help technology use to be tacitly and unobtrusively 
integrated into practitioners’ main activities based on our examples. 

Besides distribution in terms of spatiality and temporality, we furthermore argue that there 
is another type of distribution that can be considered when designing for professional 
routines. That is the distribution across practitioners’ modalities: the different types of 
sensorial or motor resources of practitioners. In other words, peripheral interaction should 
be designed to rely on proper modalities so that the designed interaction will not interfere 
with practitioners’ other ongoing tasks by competing resources from the same modality. 
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As also examined in Chapter 2, the benefit of such distribution across modalities can be 
supported by related cognitive theories on multitasking (Salvucci et al., 2009). In brief, 
whether two tasks can be successfully performed together hinges not only on how much 
mental effort each of the tasks requires but also on what type of mental resources each task 
requires (Kahneman, 1973). For example, Multiple Resource Theory (MRT) (Wickens, 
2002) predicts that two tasks that both require the focal visual channel are likely to have 
resource interference with each other and thus are difficult to be performed together. 
Conversely, if one task requires the focal visual channel of users with the other requiring 
the ambient visual channel of users, both tasks could be relatively more likely to be 
performed together. This may explain our findings of ClassBeacons study which showed 
that using ClassBeacons could easily become part of the teachers’ classroom observation: 
while teachers need to observe the facial expressions or bodily activities of students relying 
on their focal vision, they could meanwhile sense the color of the light-objects through 
ambient vision. As also predicted by MRT  (Wickens, 2002), two tasks that respectively 
require visual perception and auditory perception may also have less resource interference 
with each other. This echoes some related HCI studies which explored the use of 
sonification or ambient soundscape to unobtrusively enhance practitioners’ awareness of 
certain information without interrupting their main tasks which often involve (focused) 
visual perception (see examples from the practice of knitting (T. Smith et al., 2015) and 
skiing (Hasegawa, Ishijima, Kato, Mitake, & Sato, 2012)). 

Besides sensorial channels, the distribution could also be meaningful among motor 
resources. For example, the design of Beepless Pedal made the task of silencing alarms 
possible to perform through nurses’ feet, which potentially avoided this task to disrupt their 
activities inside the incubator through hands. Also, FeetForward leveraged teachers’ foot 
which can be especially meaningful when their hands are occupied (e.g., by test tubes as 
reported by a teacher). Actually, such inter-limb distribution has long been relied on by 
practitioners such as drivers, tailors, or potters (Velloso et al., 2015). Similarly, bi-manual 
activities (e.g., using both hands for typing or cutting papers) also reveal a very common 
type of distribution of motor resources in everyday practice. Correspondingly, prior studies 
(Hausen, 2014) have explored how bi-manual interaction can be leveraged by peripheral 
physical interaction.  

In summary, professional routines are complex and dynamic, involving various ongoing 
activities, artefacts, environmental factors, people, and their unfolding entanglement among 
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each other. Designing peripheral interaction for practitioners means to meaningfully weave 
the use of technologies into such busy and complicated routines they already have, so that 
the use of technologies could seamlessly fit in and benefit their main practice. Therefore, 
besides the designed interaction itself, designers also need to comprehensively understand 
the context and preexisting activities in which the designed interaction will be situated, to 
make sure the designed interaction can indeed be easily performed in the midst of 
practitioners’ preexisting activities (concurrently or in an interleaved manner), without 
disrupting their flow of practice. As a result, in this design consideration, we have 
addressed how to unobtrusively weave peripheral interaction into the practice context, as 
well as the existing routines of practitioners. We argue that this can be done by 
meaningfully distributing practitioners’ computer-related tasks over the proper locations, at 
the right moments, through the suitable modality. As shown in the four cases, such 
distribution could offload practitioners’ workload, and seamlessly provide support to them 
without interfering with other ongoing tasks in their routines. 

6.3.2 Design Property 2:                                                                                                        
The Interaction Being Open to Practical Knowing 

Based on our generalization of the four design cases, we formulate the second design 
property of peripheral interaction for professional practitioners: that is, the designed 
interaction being open to practical knowing. In this subsection, we will explicate the 
implications and considerations regarding this property, using examples from the four 
cases. Practical knowing (Schön, 1987) refers to practitioners’ personal, experiential and 
contextual understandings about their practice, which have been developed by being 
immersed in their own practice context over time. It can include tacit know-how (Amin & 
Roberts, 2008; Polanyi, 1962) practitioners rely on to perform tasks or interact with the 
surroundings; it can also include the personal interpretive systems (Schön, 1983; Yanow & 
Tsoukas, 2009) they use to account for their practical situations (e.g., what are the relevant 
practical problems for me to address?) or assess their own performance (e.g., what is the 
right way of doing it?). Professional practitioners are experts specialized in their own 
complex and dynamic contexts of practice. What is considered to be an intelligent way of 
practice is highly context-dependent not only across but also within professions (Amin & 
Roberts, 2008; Billett, 2001; Schön, 1983). Therefore, designed interactions should try to 
respect or leverage practitioners’ established practical knowing, in order to extend their 
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existing competence in practice instead of steering their ways of doing things or giving 
authoritative arbitrary interpretations of their situation/performance. Therefore, in short, the 
property of being open to practical knowing means enabling practitioners to somewhat 
decide on the use of or assign meanings to the designed peripheral interactions based on 
their own practical understandings about the practice contexts. In specific, based on our 
generalization, there are three aspects to be possibly considered by designers aiming to 
achieve this design property: 

Design consideration 2.1: aim for providing meaningful alternatives instead of 
replacing existing approaches 

Design consideration 2.2: enable practitioners’ personalization of the design. 
Design consideration 2.3: encourage practitioners’ own interpretations of the 

presented information. 

In the following part of this subsection, we will discuss in detail on how the above 
considerations could help achieve this design property. 

6.3.2.1 Design consideration 2.1:                                                                                                    
Aim for providing meaningful alternatives instead of replacing existing approaches. 

As common in all the four cases, the designed interaction meant to provide its professional 
practitioners with a meaningful alternative solution to a practical problem, without the 
intention to replace their pre-existing approaches to this problem. This was surfaced as a 
valuable design consideration during the evaluation of all the four designs, for it could help 
a designed peripheral interaction to respect and compensate, instead of challenging, 
practitioners’ practical knowing.  

The practical knowing of professional practitioners can be embodied in their routines. 
Routines include practitioners’ existing ways of doing things, which they have been tacitly 
relying on to accomplish tasks in their day-to-day practice. Peripheral interaction aims to 
blend in and build upon practitioners’ routines, in order to unobtrusively and seamlessly 
support their busy practice. Aiming for replacing or dramatically changing their current 
ways of doing things may challenge their established practical knowing, bring more 
unintentional complexity for practitioners to adapt to, and thus hinder the designed 
interaction from being successfully incorporated in their day-to-day practice.  
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Based on our generalization, we argue that it is valuable to aim for designing peripheral 
interactions as meaningful alternatives instead of simply aiming for replacing practitioners’ 
existing ways of performing certain tasks. As revealed in the evaluation of the four design 
cases, although experienced as useful, the designed peripheral interaction may not always 
offer the optimal (i.e., most practical or coherent) solution to accomplish a related task, 
given the complex and dynamic situations in professional practice. In some practical 
situations, relying on the previous approach to perform a task can be more practical than 
relying on the designed peripheral interaction. Therefore, designers should use peripheral 
interaction to supplement rather than replace practitioners’ existing way(s) of doing things 
while making it still possible for them to rely on their previous approaches. 

Here we present specific examples to contextualize how this consideration can apply to 
both peripheral physical interaction and peripheral information display. In our design case 
of FeetForward, its four pedals served as foot-based shortcuts which are alternative to the 
participating teachers’ previously existing tasks performed through the computer. While 
using FeetForward was experienced to help the teachers save time and effort while teaching 
in front of the interactive whiteboard, or with hands occupied (e.g., by test tubes), it was not 
always the most practical or coherent way for them to accomplish those tasks. As reported 
by the teachers, in some situations in which they had already been sitting by the desk or 
using the computer, or in which they were physically closer to the computer than to the 
interactive whiteboard, reasonably, they would choose to perform the related tasks through 
the computer instead of FeetForward. Therefore, as explicitly mentioned by one of the 
teachers, FeetForward was helpful not only in the sense that it simplified some of her 
computer-related tasks, but also because it expanded options for doing those tasks while she 
could still use the previous approaches when needed. Similarly, in the case of Beepless 
Pedal, the pedal was designed only as a meaningful alternative to the nurses’ existing 
approach of silencing the alarm (i.e., pressing the silencing button on the control panel of 
the patient monitor).  As experienced by the participating nurses, the pedal could 
considerably support the nurses during the moments in which they are manually interacting 
with the patient inside the incubator, or when doing something else with hands busy, 
sanitized or wearing gloves. However, as also indicated by them, in many occasions, 
relying on the button-pressing approach was still more practical, for instance, when they are 
using or closely facing to the patient monitor or walking in and out of the room. 
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Besides the above examples, this consideration can also be represented by design cases of 
peripheral information display. For example, the ClassBeacons system was designed to 
support secondary school teachers’ task of delivering teacher-student proximity to students 
during classroom teaching. It provides a new approach for a teacher to perform this task: 
delivering proximity by looking at the displayed information of ClassBeacons on his/her 
distribution of previous whereabouts in the lesson. However, this new approach offered by 
the ClassBeacons system was not intended to replace a teacher’s existing way of delivering 
proximity to students. As pinpointed by two participating teachers, without the information 
of ClassBeacons, they would decide how to deliver proximity according to students’ 
requests for their help. This was still their prioritized way to deliver proximity when they 
had ClassBeacons implemented in the classrooms. However, the information display of 
ClassBeacons provided a helpful alternative approach for them to deliberately deliver 
proximity in the situations in which students are not explicitly requesting help, or in which 
multiple students are requesting help at the same time (they may probably choose to go to 
the students who have not been visited much before based on the display). Similarly, 
CheckMates is designed to support NICU nurses’ tasks including filling the water tank of 
neonatal incubators; this task was previously supported by two existing designs: (1) the 
water level scales printed on the transparent surface of the water tank (see Figure 6-2 (a)), 
and (2) the auditory alarm of the incubator system which calls for immediate action of the 
nurses when the water inside the tank reaches a critical level. The display of CheckMates 
was not designed to replace these two pre-existing interfaces. Instead, it was intended to 
supplement them and support an alternative approach for nurses to do this task. On the one 
hand, when nurses are busy moving between places or being distant from the water tank, 
they could notice the CheckMates’ light-object and roughly know how much water remains 
in the tank at a glance. This provides extra information for them to plan ahead, in order to 
find appropriate moments to refill the water tank. However, on the other hand, if they stand 
near to the incubator and would like to know more detailed information about the water 
supply, they still need to focally check the scales on the tank. Moreover, if the nurses have 
been continuously busy with other more prioritized situations, they could also ignore 
CheckMates and the water level scales and only react to the auditory alarms.  

To summarize, in this design consideration, we argue that designed peripheral interaction 
should not be aimed for replacing practitioners’ existing approaches for accomplishing a 
task. Instead, the designed interaction should be aimed for providing meaningful alternative 
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approaches for practitioners to accomplish a task, while their existing approaches should 
still be made available. This is due to the complex and dynamic situations within 
professional practice, in which the designed peripheral interaction may not always offer an 
optimal solution to the practical problem, and in which practitioners’ established 
approaches of doing things should be respected and supplemented instead of challenged.  

6.3.2.2 Design consideration 2.2:                                                                                                       
Enable practitioners’ personalization of the design. 

In the field evaluation of FeetForward and Beepless Pedal, it has been revealed that the 
professional practitioners could have different needs and preferences about using the 
designed interface in their practice. Here we argue for and explain in detail why supporting 
personal needs and preferences of practitioners can be an important consideration for 
designed peripheral interaction to be compatible with the divergence of practitioners’ 
practical knowing. 

Practical knowing contains practitioners’ know-how, skills, or repertoires established in 
their own context through practice over time. This personal, experiential and context-
dependent nature of practical knowing is reflected by the differentiated needs and 
preferences of practitioners regarding using tools or technologies in their own practice. 
Therefore, in order to make their designs open to the divergent practical knowing of 
practitioners and benefit different practitioners, it is valuable for designers to notice and 
support such divergence of practitioners’ needs and preferences. Based on our 
generalization, this could be done by enabling the practitioners’ personalization or 
modification of both physical and digital properties of the designed interfaces. Furthermore, 
such personalization or modification could be at the level of usability as well as the level of 
functionality. We now use examples to more specifically explain this design consideration. 

The first example to be addressed here reveals how practitioners’ personal preferences of 
using technology can be led by their differentiated bodily skills of performing the same 
task. From the field implementation of Beepless Pedal, Cabral Guerra found that nurses 
could have different preferences regarding the placement of the foot pedal. This was due to 
the different sitting postures they had been used to. For instance, there was one nurse who 
was used to sitting on the chair with her feet on the ground, and she reported that the 
placement of the pedal was quite far from her feet and that she could hit the incubator with 
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her knee while pressing the pedal with her foot. Differently, another nurse did not have this 
issue since she was used to sitting on the chair with her feet placed on the lower support of 
the chair, which was closer to the pedal, as Figure 6-1 (d) shows. This example revealed the 
differentiated preferences of nurses led by their habitual bodily skills developed from past 
practice. This suggests that designers may consider enabling the practitioners to modify and 
experiment with an interface so that it could fit the established bodily skills of different 
practitioners. 

The second example is about how professional’s personal preferences could be led by their 
differentiated inclinations of performing cognitive tasks. In the case of FeetForward, once 
the teacher’s foot is hovering above a pedal, a graphical icon, serving as visual feedforward, 
will appear on the interactive whiteboard to show the teacher which function this pedal is 
mapped to. During the field deployment of FeetForward, while two participating teachers 
both thought that graphical icons would be the most intuitive way to convey this 
feedforward information, the other teacher indicated that feedforward in textual form (e.g., 
the word “screenshot” as a cue instead of a camera icon) might have worked better for him 
than graphical icons. He explained that it was because in general, he felt text cues were 
more intuitive than icons. This could result from the different cognitive inclinations or 
mindsets the teachers had in terms of interpreting information from an interface: while the 
two teachers might be accustomed to interpreting information from an interface relying on 
graphical icons, the other teacher might be more used to reading textual cues. And this 
example could suggest that enabling the personalization of an interface could also be 
meaningful in supporting differentiated cognitive inclinations of professional practitioners 
when performing cognitive skills. 

Above two examples have revealed how both physical and digital properties of a peripheral 
interface (e.g., placement, or spatial arrangement) may need to be personalized to support 
the differentiated inclinations of practitioners in performing bodily or cognitive tasks. 
These examples mainly reflect the potential benefits of personalization at the level of 
usability (e.g., ergonomics in the case of Beepless Pedal, or learnability in the case of 
FeetForward). Now we discuss FeetForward as an example to explain how personalization 
at the level of functionality could be meaningful as well when designing peripheral 
interaction for professionals.  
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In our design case of FeetForward, each participating teacher was enabled to personalize 
the functionalities of the four pedals throughout the five-week deployment. As we have 
presented in Chapter 4 (section 4.6), during the field implementation, the participating 
teachers assigned quite diverse functionalities to their pedals. Also, as shown in the 
qualitative results, each teacher had his/her own favorite or most meaningful functionality 
which was different from others’. This revealed their diverse personal needs regarding 
using digital resources for classroom-teaching.  Such diversity can be led to by teachers’ 
differentiated routines or inclinations of using technology, which had been shaped by their 
previous practice or training. For example, before the study, one of the teachers had been 
using images from his textbook a lot during his lessons, and another had been using web-
based teaching materials. As a result, their favorite functionalities were directly related to 
their established ways of using digital resources for teaching: the first teacher used the 
functionality of opening the folder to quickly retrieve images of his textbook, and the 
second one used a pedal to easily switch among opened webpages in the internet browser. 
Moreover, as also reflected by the study, such a diversity of needs did not only occur 
between teachers teaching different subjects but also teachers from the same subject: 
although two of the participants were both mathematics teachers in the same school, they 
still had quite different routines of using interactive whiteboard, and used FeetForward 
pedals for different purposes. As explicitly mentioned by all the participating teachers, they 
appreciated that FeetForward enabled them to assign customized functionalities to the 
system which could fulfill their personal needs. 

Additionally, as we have also learnt from the case of FeetForward, practitioners’ 
personalization of a peripheral interface may not happen all at once. Instead, it can be a 
prolonged and speculative process during the use in practice, in which practitioners 
iteratively experiment with and modify the interface in the context to reveal different 
possibilities for incorporating it in workaday routines. Such a process is similar to what has 
been described as design-in-use (Wakkary & Maestri, 2007) in the context of domestic 
everyday lives. Specifically, as reported in Chapter 4, none of the participating teachers had 
his/her personalized functionalities finalized at the beginning without adjustment later. 
Instead, some functions which were assigned to FeetForward by the teachers at the 
beginning of the deployment got replaced later by other functions. In the interviews, two 
participating teachers expressed their enthusiasm for trying out new functionality of 
FeetForward to explore different possibilities of its use in teaching. Furthermore, there were 
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also some functions which were assigned by the teachers only towards the end of the 
deployment. This seemingly suggests that the teachers had not finalized their 
personalization of FeetForward until the end of the deployment. Actually, such a process of 
personalization may not have an end, since the practice context may also be varying, and 
practitioners may need to accordingly renew their toolkits or techniques.  For instance, all 
the participating teachers mentioned that if FeetForward would be deployed for a longer 
period, they might also adjust its functionality to fit for the different topics or lesson styles 
scheduled for future teaching units. Corresponding to this, a recent study similarly indicates 
teachers’ needs (and challenges) for personalizing their digital tools over time (Vermette, 
McGrenere, Birge, Kelly, & Chilana, 2019). These findings call for designers’ 
consideration on enabling practitioners’ continual experimentation with the designed 
interface in practice. 

To summarize, the consideration discussed above suggests designers to notice and support 
the diversity of personal needs and preferences of practitioners in their specific contexts. 
This could be achieved by providing flexibility for practitioners to personalize the physical 
(e.g., placement or spatial arrangement) or digital (e.g., functional settings) properties of the 
designed interface. As the addressed examples showed, such personalization could be at the 
level of usability (e.g., ergonomics, or learnability) as well as at the level of functionality 
(e.g., purpose of use). Moreover, the personalization of a peripheral interface could be a 
prolonged and speculative process carried out by practitioners during its use in their 
practice. Therefore, designers could possibly enable and encourage practitioners to 
continually experiment with and modify the designed interface over long-term periods in 
their practice contexts. 

6.3.2.3 Design consideration 2.3:                                                                                                         
Encourage practitioners’ own interpretations of the presented information. 

Based on both the design and evaluation of ClassBeacons and CheckMates, we have found 
that it is meaningful for the designed peripheral display to leave space in the presented 
information so that practitioners could formulate their own interpretations to account for the 
current practical situation. Here we explain why we consider this as another important 
consideration that helps designs to be open to practitioners’ practical knowing. 
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As mentioned earlier in this section, practitioners’ practical knowing does not only include 
their existing know-how of doing things but also their interpretive systems used for sense-
making in the unfolding practice: such as intuitively assessing the problem at hand (e.g. 
what is the most relevant problem to address right now?) or evaluating their ongoing 
performance (e.g. how well have I been doing?). Based on our generalization, we argue that 
a designed peripheral display ought to leverage and enhance practitioners’ interpretative 
systems instead of making interpretations for them.  

We consider this consideration to be meaningful for two reasons. On the one hand, it could 
help the designed interface to leverage practitioners’ established professional 
understandings or knowledge about their own practice contexts. On the other hand, it can 
avoid the designed system giving arbitrary suggestions or judgements which do not fit a 
particular practical situation. We now use examples to concretize this consideration. 

ClassBeacons system has been designed to support teachers’ reflection-in-action on their 
distribution of teacher-student proximity (Kale, 2008) during classroom teaching. Teacher-
student proximity can serve as an example to illustrate how complex and context-dependent 
practitioners’ sense-making process could be. First of all, there is no standard pattern for an 
ideal distribution of a teacher’s physical proximity during a lesson. What an ideal 
distribution of teacher proximity looks like can differ from lesson to lesson, depending on 
many contextual factors: such as the layout of the classroom, the needs of the individual 
students sitting in the classroom, the content or the style of the specific lesson, as well as 
the professional beliefs of the teacher... These contextual factors are currently impossible 
for a system to compute, but intuitive for a teacher to comprehend. Therefore, as found in 
the deployment of ClassBeacons, as long as the teachers were able to see how they had 
been spreading their whereabouts previously in the lesson through the display of 
ClassBeacons, they can intuitively assign meanings to the display on the spot: whether they 
had been distributing proximity according to their expectations or professional beliefs, or 
whether there were unwanted patterns of their proximity distribution that called for an 
adjustment by upcoming actions. Hence, it is neither feasible nor necessary for 
ClassBeacons to make an assessment of teachers’ performance. Instead, it is more valuable 
to avoid making such assessment and provide a neutral portrayal of data for teachers to 
assign meanings to it based on the specific situations and their own expertise. For this 
reason, the design of ClassBeacons avoided using red colors which could have negative or 
judgmental connotations, so that the color of a lamp would not be simply understood as an 
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indicator of good or bad. As some of the teachers explicitly appreciated, the neutral and 
objective information presented by ClassBeacons enabled them to be “in control” of the 
interpretation of the display, and the decision-making on what actions to undertake 
accordingly. Their richly reported examples of reflection-in-action also revealed this. For 
example, in one situation, a yellow lamp was interpreted as “correct” since the students 
adjacent to the lamp are independent learners who do not need much support, while in 
another situation, it could mean lack of attention from the teacher. These findings from 
ClassBeacons study thus suggest the value of enabling practitioners’ own interpretations of 
a peripheral information display. 

Similar implications can be drawn from the case of CheckMates. The color coding of this 
information interface was also intentionally designed to neutrally portray the current 
situation for nurses, rather than providing suggestions or instructions to them. Therefore, 
red or orange colors were obviated in the design in order to avoid the designed display 
making arbitrary interpretations about how urgent the current situation is. Each lamp uses a 
green-blue spectrum to indicate how much water (inside the water container or heating pot 
fan) or medication (of the medication syringe) remains in the related devices; a nurse could 
give his/her own interpretations on what this display means based on the specific context. 
For example, a blue lamp could mean that the nurse should re-fill the water tank 
immediately, since the nurse does not have more prioritized tasks at hand, and he/she 
knows that there is still enough amount of time to finish this task before he/she has to feed 
the patient inside the incubator. However, in another situation, the nurse could deliberately 
ignore a blue lamp for the moment, since he/she has a more prioritized problem to tackle: 
e.g., an ongoing clinical alarm to respond to immediately. In this way, CheckMates aims to 
enhance NICU nurses’ sense-making processes by providing relevant information about the 
current situations, while also leaving space for nurses to contextually interpret the urgency 
of the depicted situations. As pinpointed by a participating expert, using blue instead of red 
colors to indicate this information could add to nurses’ situational awareness without 
bringing extra stress to them. Furthermore, as envisioned by both an interviewed expert and 
a participating nurse, obviating red colors in the display could also avoid the accompanying 
parents misinterpreting the information and then becoming anxious, which may, in turn, 
adds to nurses’ stress. Thereby, the case of CheckMates similarly surfaces the value of 
having neutral and objective information display which encourages practitioners’ own 
interpretations. 
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To summarize, the design consideration discussed in this subsection proposes that 
peripheral information display should respect and leverage practitioners’ practical knowing 
by encouraging their own interpretations of the displayed information based on the specific 
context. This is because such interpretations embody practitioners’ professional knowledge 
and expertise established from practical experiences, which help practitioners to intuitively 
make sense of their current situation (Polanyi, 1962; Schön, 1983). Given the complex and 
dynamic situations of professional practice, such interpretive processes of practitioners 
often involve many tacit or explicit contextual factors and can be challenging for a 
computer system to solely handle. Therefore, we argue that a peripheral information display 
should aim to ease or enhance practitioners’ own interpretive processes by unobtrusively 
providing relevant awareness, rather than simply making authoritative arbitrary 
interpretations (Sengers & Gaver, 2006) which may not fit a practical situation. Therefore, 
it is more feasible and meaningful for the system to provide relatively neutral and objective 
portrayal about the unfolding practical situation, and encourage practitioners to make sense 
of the situation relying on their own practical understandings. 

6.4 Conclusion 

In previous chapters, we conducted a series of theoretical and empirical explorations on 
how to design peripheral interaction to support professional routines. Rich design 
implications were gathered from the professional context of secondary school teachers. In 
this chapter, we have further generalized and extended our insights into designing 
peripheral interaction for professional practitioners, in order to inform and inspire more 
related HCI designs in the future. To do so, we have based our generalization on the two 
design cases presented earlier addressing the professional context of classroom teaching, as 
well as two design cases contributed by two master students addressing the professional 
context of NICU nurses. From these four cases, we have generalized two relevant design 
properties that designers should aim for when designing peripheral interaction for 
professional practitioners: (1) designed interaction being subsidiary to the main practice and 
(2) designed interaction being open to practical knowing. Furthermore, based on the four 
cases, we have also generalized six design considerations, which are intended to illustrate 
how the two design properties could be possibly achieved in design. Examples from the 
four cases were used to contextually surface the implications of these considerations. A 
body of related research was also discussed to show how these considerations could be 
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connected to prior theories or design explorations. These two design properties as well as 
six design considerations are intended to inform future designers in supporting various 
front-stage occasions of professionals through peripheral interaction. 



 



 

Chapter 7.                                         
Conclusions 

7.1 Introduction to This Chapter 

This thesis explores how to support professional practitioners with unobtrusive 
technologies that can fit into their busy “front-stage” routines (Eraut, 1995; Goffman, 
1959), e.g. teachers teaching in the classroom or nurses taking care of patients in the 
hospital. Undoubtedly, technologies could empower professional practitioners (e.g. school 
teachers, nurses, clinicians, chefs, waiters/waitress, production engineers, firefighters…) by 
increasing the efficiency or effectiveness of their work. As a result, professionals such as 
teachers or nurses are increasingly expected to have competence of incorporating 
technology use in their front-stage routines (Barnard & Gerber, 1999; Ruthven et al., 2004). 
However, technologies also pose challenges to professional practitioners by unintentionally 
escalating the complexity in their day-to-day work. For example, teachers can be burdened 
by the efforts and time required for using computers (Becker, 2000; Cuban et al., 2001), 
and thus being demotivated from incorporating digital resources in classroom teaching 
(Cuban et al., 2001; Ertmer, 2005). Nurses can encounter an overwhelming number of 
clinical alarms generated by a variety of medical devices in their surroundings, which cause 
them to suffer from anxiety or even burnout during their busy nursing tasks in the hospital 
(Braithwaite, 2008). It is therefore deemed important that in order to better support 
professional practitioners, new technologies should be designed to avoid overburdening 
them in their front-stage practice. 

During their front-stage routines, professional practitioners engage in complex social or 
material surroundings, carry out intensive activities, and deal with unpredictable practical 
situations (Schön, 1983; Yanow & Tsoukas, 2009). Therefore, they have limited attentional 
resources for using supportive technologies; interacting with supportive devices (e.g., a 
computer or a mobile device) is often neither the only nor the central part of their ongoing 
activities. However, the human-computer interaction (HCI) of current computing devices is 
often designed to engage users in the center of their attention (Bakker et al., 2015; Weiser 
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& Brown, 1997), presuming that attending to the designed interface is the primary or only 
task of users during the moment of use (e.g. think about a typical graphical user interface of 
a desktop/mobile application). Relying solely on such HCI style makes it difficult for 
technology to seamlessly fit into professionals’ front-stage routines. An alternative way of 
HCI needs to be explored to supplement the current HCI style which requires continuous 
focal attention from the users. In this way, new supportive technologies can impose less 
attentional load onto professionals during their moments of busyness. 

We hence base our design research upon peripheral interaction (Bakker et al., 2015; Edge 
& Blackwell, 2009; Hausen, 2014), an emerging field of HCI research which argues for 
enabling users to interact with computing systems not only in the center but also in the 
periphery of their attention. This idea has originated from the vision of calm technology 
(Weiser & Brown, 1997), which pinpoints that as computing devices are becoming 
increasingly ubiquitous in our daily lives, we may be overburdened one day if all these 
devices demand focal attention during use. This risk seems to be especially prominent in 
the context of professional practice, in which users already engage great complexity but 
have needs for emerging technologies. If new technological applications all require focal 
attention from professionals, the intended support will likely become an unintentional 
burden. However, in the field of peripheral interaction, prior design cases for this 
meaningful context are underrepresented; insights are still lacking to help future HCI works 
understand and design for professionals’ front-stage routines. This has been the motivation 
of our research. 

The inquiry presented in this thesis contains three phases. In the first phase, we established 
both theoretical and contextual understandings about the routines of professional 
practitioners and identified potential benefits and opportunities for designing peripheral 
interaction in this context. We examined the related theories regarding professional practice 
in general (Chapter 2), and entered the workaday environment of a typical group of 
practitioners, secondary school teachers, to gather contextual information for upcoming 
design explorations about this specific group of professionals (Chapter 3). In the second 
phase, we designed two systems for secondary school teachers (FeetForward and 
ClassBeacons), in order to gain design implications for two types of peripheral interaction: 
peripheral physical interaction (Chapter 4) and peripheral information display (Chapter 5). 
By implementing and evaluating these two systems, we were able to probe empirical 
implications about how these two types of peripheral interaction could meaningfully 
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support professional routines.  With the empirical knowledge yielded from these field 
studies, in phase three, related design insights have been generalized (Chapter 6). In order 
to broaden the scope of this generalization, and extend our contribution beyond the specific 
context of teaching, we have examined another two design cases carried out by master 
design students, and aimed for supporting another group of professionals: nurses. By 
analyzing the four design cases encompassing both teachers and nurses, we extracted two 
design properties that are relevant for peripheral interaction to possess when aimed for 
supporting professionals’ front-stage routines. Correspondingly, we generalized and 
explained six design considerations that are intended to practically help future related HCI 
works to achieve these properties in design. In the remaining of this chapter, we will 
conclude this thesis by revisiting our main findings and contributions in regard to our 
research objectives, as well as addressing a future vision that is led to by this thesis. 

7.2 Addressing Research Objectives and 
Contributions 

The research presented in this thesis aims to explore the design of peripheral interaction 
that can help professional practitioners to more seamlessly use supportive technology in 
their front-stage routines. In order to do so, four research objectives have been proposed at 
the beginning of this thesis (Research Objective 1-4). To fulfill these research objectives, a 
series of particular studies have been carried out, as presented in prior chapters. In this 
section, we explicate how these studies have addressed the research objectives, and what 
contributions can result from our findings. 

7.2.1 Research Objective 1: to establish theoretical and contextual 
understandings about professional routines, and identify 
potentials of peripheral interaction. 

Routines are “the very glue” of everyday life (Tolmie et al., 2002), which tacitly connect 
everyday activities as a coherent whole. Designing peripheral interaction requires a 
thorough understanding about users’ everyday routines (Bakker et al., 2015). Although 
much prior research inspired by the vision of calm technology has explicitly examined the 
design implications for everyday domestic routines (Bakker, van den Hoven, & Eggen, 
2012; Tolmie et al., 2002; Wakkary, Desjardins, & Hauser, 2016), the front-stage routines 
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of professional practitioners have been rarely understood in terms of designing for the 
periphery of attention. To establish our theoretical understandings about professional 
routines, in Chapter 2, we examined a number of related social scientific and cognitive 
studies and connected their theoretical implications to the design of peripheral interaction. 
As revealed by related theories, professional routines are no less complex than domestic 
routines but are perhaps more intensive and dynamic (imagine the day-to-day routines that 
take place in a classroom or a hospital). Moreover, professional routines serve as a carrier 
of the practical competence, skill, or know-how of professionals. Relying on established 
routines, they can do things proficiently and fluently, conferring a “benefit of 
specialization” (Schön, 1983) on their clients and themselves. In their front-stage routines, 
although they carry out a number of repetitive activities (e.g. a teacher always teaches), 
they have to continually encounter practical situations that are always accompanied with 
certain uniqueness and unpredictability (Schön, 1983). Such unique and unpredictable 
variation of the practical situations makes two aspects of their routines prominently 
important to them: their repertoire of action (Wenger, 1998) and their reflection-in-action 
(Schön, 1983). The repertoire of action provides a practitioner with a set of available 
actions that he/she can quickly draw upon when acting upon varying practical situations 
(Balachandra et al., 2005; Moorman & Miner, 1998). The reflection-in-action enables a 
practitioner to quickly deliberate on the situation at hand, stay responsive to the practice 
context, and optimize his/her ongoing actions accordingly (Schön, 1983; Yanow & 
Tsoukas, 2009). Connecting these theoretical implications to the design of peripheral 
interaction, we identified two potentials of peripheral interaction in supporting the front-
stage routines of professionals: (i) to enrich professionals’ repertoire of action by enabling 
their quick and effortless operations of technology interfaces through peripheral physical 
interaction, and (ii) to enhance their reflection-in-action by providing them relevant yet 
unobtrusive information through peripheral information display. As Figure 7-1 shows, these 
two potentials have been respectively probed and concretized in later chapters by the cases 
of “FeetForward” and “ClassBeacons”. 

To ground our design explorations onto a valid context of professional practice, in Chapter 
3, we studied the front-stage routines of a typical professional group: secondary school 
teachers. Using a Contextmapping (Sleeswijk Visser et al., 2005) approach, we aimed to 
contextualize our understandings about professional routines through concrete and vivid 
empirical data, and identify specific design opportunities for upcoming explorations in this 
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context. Our analyses on the rich qualitative empirical data indeed revealed the complex, 
intensive, dynamic routines of professionals in the practice of classroom teaching. On the 
one hand, teachers’ front-stage routines do include repetitive elements, as reflected by the 
four common types of teachers’ routine tasks we found (see section 3.4.1). On the other 
hand, tasks are often not carried out linearly or in a predictable way. Instead, rich examples 
from the data (see section 3.4.2) show that during classroom teaching, teachers often have 
to perform multitasking, cope with unpredictable interrupting events, and deliberate on the 
situation at hand and adjust actions accordingly. This way, their mental resources are 
dynamically occupied by the relevant aspects of the current activity, the plan and goals in 
their mind, and different things happening in the surrounding. Hence, our analyses have 
confirmed that peripheral interaction is indeed meaningful to this group of professionals. 
Moreover, based on the empirical findings, we generalized five design opportunities for 
new classroom technologies to support teachers’ routines, which have resulted in the 
ideation of “FeetForward” and “ClassBeacons”. 

Our studies aiming to address Research Objective 1 may contribute to related HCI research 
in two aspects. First, through our theoretical examination on related social scientific or 
cognitive research, we have formulated our interpretations of the front-stage routines of 
professionals and connected related theoretical implications to peripheral HCI design. 
Much related prior research has articulated the design implications for domestic routines 
(Bakker, van den Hoven, & Eggen, 2012; Tolmie et al., 2002; Wakkary et al., 2016), but 
professionals’ front-stage routines have rarely been understood from the perspective of 
designing calm technology (or designing for the periphery of users’ attention). Our 
theoretical examination may, therefore, help future peripheral HCI designs to gain a 
preliminary understanding about professionals’ front-stage routines. Second, our field study 
on secondary school teachers has yielded rich contextual information about this group of 
users, as well as a set of design opportunities for future classroom technologies to support 
their routines. At the intersection of education and HCI research, while many design 
explorations have focused on learners’ use of technology (Lo & Quintana, 2013; Luchini et 
al., 2004; C. Quintana, 2012; Soloway et al., 1996), new designs for supporting teachers in 
classroom teaching are underrepresented. In this sense, our gathered contextual information 
and design opportunities from teachers’ perspective seem to be also meaningful for other 
designers or developers working on classroom technologies. 
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7.2.2 Research Objective 2: to explore how peripheral physical 

interaction could benefit professional routines in the context and 
probe related design implications. 

Having established understandings about the design context, we then designed, and 
deployed two interactive systems in naturalistic classroom settings, in order to probe related 
design implications from actual design practice for secondary school teachers. Our first 
design case was about the system “FeetForward”, which has been aimed for exploring 
peripheral physical interaction. FeetForward is designed simply as open-ended, foot-based 
“shortcuts” for teachers to conveniently access personalized functionality of the computer 
while lecturing before the digital whiteboard. Namely, it intends to transform some of the 
teachers’ computer-related tasks, which were previously performed through mouse or stylus 
relying on focused operations into simply toe-tapping.  

According to the field evaluation with the teachers using FeetForward in their own 
classrooms, this simple peripheral interface indeed seemed to enrich their repertoire of 
action. Supporting evidence can be found from the teachers lived experiences. For instance, 
the teachers experienced that the shortcuts provided by FeetForward enabled them to 
achieve certain tasks by toe-tapping, instead of executing a sequence of focal operations; 
they felt that this helped them save time, efforts (of walking to the computer), and attention 
(for focusing on the screen) in those tasks, making those tasks easier to happen in the midst 
of other teaching activities (e.g. talking or lecturing). In this sense, FeetForward facilitated 
the computer operations selected by the teachers to be more readily integrated into the 
available actions that they can quickly draw upon during their busy teaching: i.e., their 
repertoire of action. But more importantly, the ready actions from a practitioner’s repertoire 
ought to be meaningful: they should add to his/her skills for addressing the practical 
situations in his/her own practice context. As revealed in the study, while using the system 
and experimenting with its functionality in their actual teaching over the course of five 
weeks, the teachers identified their own meaningful functionality to be assigned to the 
FeetForward pedals, which they considered to be useful during their own lessons. The 
teachers also provided examples that FeetForward encouraged them to use some selected 
computer functions more often or in a more improvisational way. These results suggest that 
some shortcuts from FeetForward did seem to meaningfully add to the teachers’ skill set in 
using digital resources during teaching. Above empirical findings have contextualized how 
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peripheral physical interaction could meaningfully enrich a professional practitioner’s 
repertoire of action in his/her busy front-stage routines.  

On top of this, from the case of FeetForward, certain design implications have been learnt 
for designing peripheral physical interaction. For instance, designed as a highly open-ended 
technology probe which enables teachers to define their own use during the deployment, 
FeetForward revealed how differently the teachers (including the ones teaching the same 
subject in the same school) had established their own practical ways of using technologies 
(i.e., digital teaching resources) before FeetForward was introduced to them. This confirms 
the importance of considering or supporting the personal and context-dependent aspects of 
professionals’ existing routines when designing peripheral physical interaction for them. 
Moreover, the FeetForword deployment helped us qualitatively identify certain factors that 
could influence the motor learning process of a peripheral physical interaction in practice: 
such as the consistency and learnability of the interface, or existing skills or habits of the 
professionals. We learnt that the physical presence of the interface could serve as a 
contextual cue, or inherent feedforward (Wensveen et al., 2004), which offloads a 
practitioner’s task of remembering to perform the designed peripheral physical interaction. 
We also learnt that the spatial arrangement of the interface (e.g. the spatial order of the 
pedals) can be helpful for professionals to learn the mapping rules (e.g., which pedal is 
connected to which function) of the interface, which might be more effective than color 
coding (which maps the colors of the pedals to the colors of their digital icons). 
Additionally, designed as a foot-based interface, FeetForward also revealed that toe-tapping 
in a standing posture could be a possible style for peripheral physical interaction. Regarding 
this, we also explicated some challenges and benefits of designing foot-based peripheral 
physical interaction. 

The study of “FeetForward”, which is aimed for addressing Research Objective 2, 
contributes a design instance of how peripheral physical interaction could meaningfully 
enrich professionals’ repertoire of action in their front-stage routines. As Figure 7-1 shows, 
we could concretize a major potential of peripheral interaction based on our prior 
theoretical examination. Moreover, by presenting and discussing the findings from the field 
evaluation, we also contribute a set of practical implications that could inform future related 
works of designing peripheral physical interaction for professional routines. Additionally, 
the study could also contribute relevant empirical results to the realm of foot-based HCI, 
where longitudinal field studies are valued yet only rarely presented (Velloso et al., 2015). 
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7.2.3 Research Objective 3: to explore how peripheral information 

display could benefit professional routines in the context and 
probe related design implications. 

The “ClassBeacons” system was designed and evaluated to explore another important type 
of peripheral interaction: peripheral information display. ClassBeacons are a set of small 
ambient lamps placed on students’ desks, which calmly depicts how the teacher has divided 
time and attention over students throughout a lesson, by slowly changing color from yellow 
to green. Such information concerns an implicit yet rather relevant aspect of classroom 
teaching: teacher-student proximity. In educational science, teacher-student proximity is 
expected to be reflectively managed by teachers during teaching; however, in practice, it is 
challenging for teachers to consciously keep track of their whereabouts, given the intensive 
teaching tasks they already have. The peripheral information display of ClassBeacons is 
therefore intended to unobtrusively provide support to teachers regarding how to divide 
time and attention over students during a lesson.  

The field evaluation of ClassBeacons has shown how this peripheral information display 
unobtrusively enhanced teachers’ reflection-in-action. Rich examples of teachers’ 
reflection-in-action relying on ClassBeacons were reported by the teachers who used this 
system during their regular lessons. Among the gathered examples, three recurrent types of 
reflection-in-action were found, echoing three stages of teachers’ reflective process 
described by the ALACT model (Korthagen & Kessels, 1999). For instance, the teachers 
mentioned that ClassBeacons helped them easily monitor and confirm their ongoing 
distribution of teacher proximity, which echoed the reflective stage called Looking back on 
action (Korthagen & Kessels, 1999). Also, a number of examples described how the 
teachers noticed certain unwanted patterns of their proximity distribution (e.g., they did not 
provide enough proximity to a student as they desired) and interpreted how their routinized 
behaviors or classroom layout had implicitly influenced their proximity distribution; this 
type of examples echoed the reflective stage Awareness of essential aspects (Korthagen & 
Kessels, 1999). Lastly, many teachers also reported how they modified their upcoming 
interaction with students, or improvised an action alternative to their conventional or 
planned way of teaching, based on the information of ClassBeacons; in these cases, 
teachers’ reflection-in-action echoed the stage of Creating alternative methods of action 
(Korthagen & Kessels, 1999). Besides these examples about how ClassBeacons helped 
them think about teacher proximity in action, the teachers also experienced that the 
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information display of ClassBeacons was unobtrusive. For example, they mentioned that 
glancing at the lamps was naturally integrated into their observational tasks (teachers have 
to frequently observe the class in teaching as we have found in Chapter 3) during different 
classroom activities. They also experienced that the lamps of ClassBeacons unremarkably 
fitted into the classroom environment (e.g., like candles on the table) and did not get in the 
way of teaching or learning. Above findings of ClassBeacons demonstrate that this 
peripheral information display can unobtrusively enhance professional practitioners’ 
reflection-in-action.  

The study of ClassBeacons also helped us explicate a set of design implications of 
peripheral information display in the context of professional practice. For example, we 
learnt that it is meaningful to use a peripheral display to depict the implicit yet relevant 
aspect of a practitioner’s ongoing activity; such peripheral information can tacitly increase 
the responsiveness of the practitioner without overburdening his or her mind. Specifically, 
in the case of ClassBeacons, the system transformed teacher proximity from an implicit 
consequence of teaching to an actionable resource that a teacher could consciously manage 
for promoting leaner-centered pedagogy. Moreover, the teachers appreciated that the color 
coding (using a yellow-green spectrum) of ClassBeacons was only intended to neutrally 
and objectively portray the proximity data, and did not include colors with judgmental or 
negative tones like red or orange. This encouraged them to form their own interpretations of 
the displayed information of ClassBeacons based on their own practical understandings 
about a specific situation. For example, in one situation, a yellow lamp may be interpreted 
that an adjacent student has not received enough attention from the teacher; in another 
situation, it may be interpreted that the student is doing well and does not need help. It is 
therefore implied that in order to support professionals’ reflection-in-action, a peripheral 
information display should try to avoid making authoritative arbitrary interpretations of a 
complex practical situation. Instead, it could provide neutral and objective data portrayal of 
the current situation, and encourage professionals to use their knowledge-in-practice to 
form their own coherent interpretations. Last but not least, the case of ClassBeacons 
demonstrated how a spatially distributed peripheral information display could meaningfully 
reduce a professional practitioner’s time and mental resources demanded by performing 
reflection-in-action. Namely, as revealed in the field evaluation, the distributed lamps of 
ClassBeacons transformed a teacher’s recalling about his/her previous whereabouts into a 
glance. Each lamp depicts information related to its co-located students; thus the teacher 
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does not have to think about which information belongs to which location. Since the lamps 
are always visible in the surrounding, the teacher does not have to consciously plan or 
remember when to initiate reflections. These benefits suggest that the physical presence and 
spatial distribution of a peripheral information display can be meaningfully designed in 
order to turn the material environment of a professional practitioner to his/her cognitive ally 
(Hollan et al., 2000), which tacitly offloads his/her mental tasks. 

The study of ClassBeacons was intended to address our Research Objective 3. By doing so, 
it contributes a design instance about how peripheral information display could 
meaningfully enhance professional practitioners’ reflection-in-action; thereby, as Figure 7-1 
shows, we concretize another major potential of peripheral interaction in supporting 
professional routines. What is more, in both education and other application domains (e.g. 
design practice, or domestic life) of HCI research, designing for reflection has become an 
increasingly relevant  topic  (Slovak et al., 2017);  however,  there  still  lacks empirical 
understandings about how an HCI system could mediate the process of reflection-in-action 
(Slovak et al., 2017). The rich empirical findings of how ClassBeacons enhanced teachers’ 
reflection-in-action, therefore, provide relevant knowledge regarding this timely topic. 
Besides, the set of implications we gathered in ClassBeacons study could inform future 
HCI works of how a (distributed) peripheral information display could be meaningfully 
used to support professionals’ sense-making processes in their busy practice. 

7.2.4 Research Objective 4: to extract insights into designing 
peripheral interaction for supporting professional practitioners. 

Having the empirical findings yielded in prior field studies, in Chapter 6, we aimed to 
address the final research objective in our thesis: generalizing design insights that could 
help future related HCI research in designing peripheral interaction for supporting the front-
stage routines of professionals. To do so, we decided to broaden the scope of our 
generalization beyond the specific professional context we had addressed in prior chapters: 
the classroom teaching of secondary school teachers. As a result, we presented and studied 
two related design cases addressing another professional group: nurses working in the 
Neonatal Intensive Care Unit (NICU) of a hospital. As introduced in Chapter 6, these two 
cases were somewhat inspired by our two design explorations about teachers, and carried 
out by design students. These two designs, named “Beepless Pedal” and “CheckMates”, 
were ideated after contextual research  of  NICU  nurses’  routines,  and  evaluated  in  their  
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Figure 7-1. Through the design and evaluation of “FeetForward” and “ClassBeacon”, we 
concretize two potentials of peripheral interaction in supporting professionals’ routines: (i) 
enriching professionals’ repertoire of action, and (ii) enhancing their reflection-in-action. 

practice context. Beepless Pedal affords a foot-based peripheral physical interaction for 
nurses to silence non-actionable patient monitoring alarms while their hands are busy with 
taking care of a neonatal patient inside an incubator. CheckMates are distributed ambient 
lamps providing peripheral information indicating the remaining supplies of different 
medical devices; the information helps nurses proactively plan the timing of refilling the 
supplies in their busy routines, in order to avoid undesirable auditory alarms from those 
devices urgently calling for refills. These two design cases of NICU nurses, as well as our 
own cases of school teachers, have underlain our case analysis and generalization presented 
in Chapter 6. 

By analyzing the four cases, we have extracted two design properties that are relevant for 
designed peripheral interaction to possess when aimed for supporting the front-stage 
routines of professional practitioners. In order to help future related HCI designs to 
practically achieve these properties, we also generalized three design considerations for 
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each design property; each design consideration has been concretized and contextualized 
through examples from the four analyzed cases.  

The first extracted design property refers to the designed interaction being subsidiary to the 
main practice. On the one hand, being subsidiary means that the designed interaction 
should benefit the ongoing front-stage practice of a professional, but should not be 
presumed as the most important task of the professional. On the other hand, being 
subsidiary means that the interaction should be able to rely on a subsidiary awareness of 
the professional: i.e., the interaction should not require continuously focal attention from 
the professional and can be tacitly interleaved with other ongoing tasks of the professional. 
To help designers interpret and practically fulfill this property, three concrete design 
considerations have been addressed by us. The first consideration proposes that designers 
should utilized peripheral interaction to support professionals’ tasks that are beneficial but 
not crucial to their main practice. Peripheral interaction design should not be simply aimed 
for promoting the multitasking of professionals by making them do more secondary tasks at 
one moment. Instead, the designed peripheral interaction should be aimed to benefit 
professionals’ whole practice, by helping them save attention and effort in their relevant 
secondary tasks at the moment so that they can better focus on their crucial (primary) tasks. 
The second design consideration suggests enabling short-term effortless engagements of 
professionals. Given the intensive pace and complex environment of professionals’ front-
stage practice, this consideration intends to enable the designed interaction to be tacitly 
carried out at the moment which the interaction can still make a difference to a practical 
situation. The third design consideration is about supporting professionals in proper places, 
at proper moments, using proper modalities. Its intention is to remind designers to not only 
consider the designed interaction per se but also ecologically consider the other routine 
tasks the designed interaction is intended to fit into. Using the examples from the selected 
design cases, we have explicated how this could be achieved by distributing professionals’ 
computer-related tasks over proper locations, allocating these tasks to proper moments in 
time, and supporting professionals’ task performance through proper (sensorial or motor) 
modalities of theirs. 

Our second extracted design property refers to the designed interaction being open to 
practical knowing. Practical knowing means the skills, know-how, or knowledge-in-
practice that has been established by a professional through practicing over time in his/her 
own practice context. Such practical knowing is embodied by professionals’ day-to-day 
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routines, in which they proficiently cope with the complex, intensive, and dynamic 
situations. Being open to practical knowing means the designed interaction should respect 
or leverage rather than challenging professionals’ existing practical knowing. Three 
practical considerations have been generalized from our case analysis to help designers 
achieve this property in practice. The first consideration suggests the designed peripheral 
interaction to be aimed for providing meaningful alternatives to professionals instead of 
replacing their existing approaches. Professionals’ practical knowing includes their 
established ways of doing things; thus designed interactions should not try to replace these 
existing ways. Instead, as suggested in our cases, a designed peripheral interaction is more 
meaningful when it adds to the alternative approaches of a professional, while enabling the 
professional to choose when to take which approach based on a unique practical situation. 
The second consideration is about enabling the professionals’ personalization of the 
interface. Professionals’ practical knowing is personal, experiential and context-dependent, 
which leads to their personal needs or preferences in terms of using technology in their own 
practice context. As demonstrated by our case analysis, such personalization could be 
meaningful at the levels of usability as well as functionality; also, such personalization 
could be a prolonged process led by professionals’ continuous experiment with the 
technology in their workaday context. Our third consideration proposes that a designed 
peripheral information display should encourage professionals’ own interpretations of its 
displayed information. This consideration intends to help a designed system avoid making 
authoritative arbitrary interpretation of a complex practical situation since it is often beyond 
the capability of a current computing system. In our cases, we have found that it is more 
meaningful to neutrally and objectively depict the practical situations, and facilitate 
professionals to frame their own coherent interpretations based on their own knowledge-in-
practice. 

This thesis has been aimed for exploring the design of peripheral interaction that can 
seamlessly fit in and benefit the front-stage routines of professional practitioners. By 
addressing Research Objective 4, our case analysis and generalization in Chapter 6 thereby 
contribute a set of design insights that serve as the final outcome of the thesis. 
Professionals’ complex and busy front-stage routines involve multiple people, events, 
artefacts, and environmental factors; they can be seen as good examples of “artifact 
ecologies” (Bødker & Klokmose, 2012) which are to be understood by the research of the 
unfolding third wave HCI (Bødker, 2015). Professionals’ front-stage routines also provide 
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meaningful application domains to extend knowledge in the emerging field of peripheral 
interaction. However, there still lacks explicit knowledge that could inspire and inform 
future related works to understand and design for professional routines. Our generated 
insights, including two relevant design properties, as well as six practical design 
considerations, can thereby help fill in this knowledge gap in peripheral interaction. 

7.2.5 Positioning the Contribution of Knowledge 

So far in this section, we have addressed how our studies presented in earlier chapters have 
addressed our four research objectives, and what contributions these studies could lead to. 
In the remaining of this section, we present an overview of our contribution of knowledge 
in this thesis, which is positioned in light of an influential view of knowledge contribution 
in HCI design research, proposed by Hook and Lowgren (2012). As they suggest, HCI 
research often generates knowledge on three different abstraction levels: the instance level, 
the theory level, as well as the intermediate level. On the level of instances, the outcome of 
HCI research is particular design artifacts. Although design instances are at the lowest 
abstraction level, they are important “theory nexus” (Carroll, Kellogg, Carroll, & Kellogg, 
1989) or “knowledge carriers” (Stolterman & Wiberg, 2010) that embody and tacitly 
communicate designerly knowing or theoretical ideas. This way, they serve as exemplars 
that inspire other designers or researchers to compose new variations in other application 
domains or use scenarios. On the level of theories, HCI research generates knowledge that 
has most abstraction and generality. Theoretical knowledge contribution in HCI can take 
the form of “concepts, definitions, models, principles, or frameworks” (Wobbrock & 
Kientz, 2016), which could help us systematically and robustly describe, explain, or even 
predict phenomena in reality. Between the design instances and theories, there is another 
level of knowledge contributed by HCI research: intermediate level knowledge. Knowledge 
on this level is more explicitly generalized than that embodied in specific design artifacts, 
but still possesses less abstraction and generality than theories (Höök & Löwgren, 2012). 
As argued by Hook and Lowgren, although such a level had not been explicitly articulated, 
the contribution of HCI research on this level is substantial and relevant (Höök & Löwgren, 
2012); according to them, examples of intermediate level knowledge in HCI research could 
include patterns, guidelines, annotated portfolios, methods, tools, experiential qualities, 
design heuristics, criticism, strong concepts, conceptual construct, etc. 
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Adopting the above presented view of knowledge contribution in HCI design research, the 
final outcome of this thesis (i.e., our generalized design properties and design 
considerations) can be seen as intermediate level knowledge, which connects the related 
theories of professional practice as well as a series of design instances in the field of 
peripheral interaction. Specifically, as shown in Figure 7-2, such connection has been 
established through three main steps afforded by the three phases of the thesis. In Phase 1, 
our theoretical examination on related social scientific and cognitive research helped us 
formulate our understandings about professionals’ front-stage routines. On top of that, we 
contextualized our understandings in the professional domain of classroom teaching. Phase 
1 thereby helped us bridge the theoretical implications of professional routines to the design 
practice of peripheral interaction. In Phase 2, we created two particular design artifacts that 
embodied our theoretical and contextual understandings, and were used to probe 
concretized implications for design. Furthermore, these two designs served as exemplars 
that have somewhat inspired the two master design students to create another two design 
instances, which might be seen as variations of our two designs in a different application 
domain (hospital nursing). Finally, in Phase 3, we analyzed the four design instances across 
two professional domains to extract relevant design properties and considerations beyond 
the specific artifacts and the specific professional context of our own empirical studies. In 
this way, the outcome of Phase 3 could be seen as both a higher level abstraction of our 
selected design instances, and a design-oriented reinterpretation of our examined theories. 
We thereby contribute a set of intermediate level knowledge that could aid future HCI 
research in understanding and seamlessly supporting professionals’ front-stage routines. 

7.3 Future Vision: Extending Practical 
Intelligence through Peripheral Interaction 

This thesis started with a present practice scenario of a teacher named Patrick. Towards 
the end of the thesis, let us envision how Patrick’s practice will look like in the near future. 
Ten years later, the classrooms in this secondary school have changed a lot, but Patrick 
still works here as a mathematics teacher. It is just another regular lesson. He walks 
around the classroom, supervising his students working in small groups.  The  students  are  



206 Conclusions 

 

 

Figure 7-2. The three-phase inquiry in this thesis leads to a set of intermediate level knowledge 
(Höök & Löwgren, 2012) that connects both the level of theories and the level of instances.  
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doing exercises on their tablets while using supportive applications or sharing resources 
with each other through tabletop displays. Different from the students in a decade ago, 
these students work on the exercise sets that have been customized for each of them based 
on their divergent learning interests and capabilities. As a consequence of this new way of 
learning, teachers’ competences of monitoring multiple learning activities at the same time, 
as well as providing differentiated support to each learner, have been valued more than 
ever. On top of their desks, there are elegantly designed ambient lamps, whose different 
parts subtly shift color patterns to signify what types of exercises the students are working 
on, how much progress they have made in light of their own learning capabilities and past 
performance, and how much time Patrick has spent around individuals to provide personal 
help. These ambient lamps afford environmental cues to create peer awareness for 
learners, as well as to facilitate the teacher’s monitoring of the learning activities. It has 
become natural for Patrick to incorporate such environmental cues into his observation of 
the class on the fly. This helps him intuitively make sense of what is happening around the 
classroom, and how he should modify his moves accordingly. 

Besides these cues which are also accessible for the learners, Patrick’s sense-making on 
the spot is further enhanced by environmental cues that are only visible to him, the ones 
that are superimposed onto the surrounding through his glasses. For instance, each 
student’s cognitive load and exercise performance are intuitively signified by a geometry 
presented next to that student. This supports Patrick to interpret whether the exercises 
assigned to a student so far have been too easy or too difficult, so that he could quickly 
tweak the challenge level or exercise type for that student in his/her upcoming exercises. 
Since the students nowadays work on highly personalized exercises that are generated for 
them by Artificial Intelligence algorithms, teachers’ expertise as learning facilitators has 
been unprecedentedly emphasized; in other words, they are expected to thoughtfully modify 
the exercises relying on their contextual understanding of the current state of each learner, 
and make sure that each learner encounters an optimal amount of intellectual challenge in 
a particular lesson. 

Patrick can also roughly see the emotional state of a student, e.g., whether the student is 
frustrated or calm, which in addition facilitates him to deliver differentiated instructions 
based on particular situations. For example, a few minutes ago, Patrick had noticed that a 
student sitting on the other side of the classroom seemed to be working hard on some 
challenge, but now she has got a bit frustrated and stopped working. He decides to go there 
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and see what he could do. After a brief talk, he realizes that she has some misunderstanding 
about a function taught earlier. “Actually, I can use the short animation I made yesterday 
about that function graph to better explain it.” So he taps on his right forearm, where the 
digital resources related to this topic are linked to. A virtual menu has popped up around 
his arm, from which he immediately locates that animation and activates it on the student’s 
tabletop display. This animation indeed has helped Patrick’s explanation, and now she 
knows what went wrong with her previous calculation. However, while they were talking 
just now, Patrick also noticed that another student appeared to be frustrated by certain 
stagnation. “Okay, now it is the time to find out what is happening there.” 

As the above story shows, in this section, we envision how peripheral interaction in the 
future could extend the intelligence of professional practitioners manifested in their front-
stage practice. The term practical intelligence (Sternberg & Wagner, 1986) can be used to 
refer to this type of intelligence which is embodied by practitioners who practice 
intelligently in coping with the complex (social or material) surroundings in their day-to-
day context. Practical intelligence can be seen in professional practitioners’ spontaneous 
performance of skills, as well as their proficient sense-making in actions (Schön, 1983). As 
the future story of Patrick illustrates, we envision that professionals’ practical intelligence 
will be seamlessly extended by future peripheral interactive systems which enable their 
skillful use of digital materials and augment their sense-making processes on the fly. We 
consider this as a relevant opportunity for future HCI design research to expand and deepen 
our inquiry presented in this thesis. We now detail this research vision by explaining why 
we believe peripheral interaction is an important means to extend the practical intelligence 
of future professionals, and why our vision is relevant in the current societal context. 

The Ph.D. research in this thesis took its point of departure in the emerging field of 
peripheral interaction, which concerns designing computing systems that can engage users 
in the periphery of their attention, in order to disburden the use of computing systems, and 
unobtrusively blend these systems into users’ daily lives. As a result, we have identified 
that such HCI style is especially meaningful in the busy front-stage routines of 
professionals. This thesis thereby has been focused on surfacing the value of peripheral 
interaction in supporting professional routines. However, as we have revealed in this thesis, 
peripheral interaction is valuable not only in the sense that it helps professionals to use 
computing systems in an effortless and unobtrusive way, but also in the sense that it can 
meaningfully enrich their repertoire of action as well as enhance their reflection-in-action. 
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In other words, peripheral interaction could potentially increase the skillfulness and 
reflectiveness of professionals in practice without interfering with their busy workflows. In 
this sense, we see the potential of peripheral interaction to extend the practical intelligence 
of professionals. 

The term “intelligence” has gained increased attention in our society, thanks to the recent 
breakthrough and revival of the research in Artificial Intelligence (AI). Many research 
efforts have been focusing on evolving the intelligence of machines aimed for 
outperforming human in particular tasks (Schmidt, 2017a). Much progress has been made. 
In 2017, an AI algorithm (i.e., AlphaGo Master by DeepMind) (Silver et al., 2017) defeated 
world number 1 ranking player (Ke Jie) in a Go match (https://en.wikipedia.org/ 
wiki/AlphaGo_versus_Ke_Jie). In 2019, its recent derivative (AlphaStar) defeated a human 
player in StarCraft, a game representing much higher uncertainty in decision-making 
(Arulkumaran, Cully, & Togelius, 2019). Meanwhile, a large survey of AI researchers 
(Grace, Salvatier, Dafoe, Zhang, & Evans, 2018) suggests an alarming picture of the future: 
the experts believe that by a probability of 50%, machines will outperform us in all tasks in 
45 years, and take over all human professions in 120 years, such as translator (by 2024), 
truck driver (2027), retail worker (2031), or surgeon (2053) (Grace et al., 2018). It is 
therefore implied that in the near future, emerging technologies may challenge professional 
practitioners not only by escalating the complexity in their work– a challenge that has 
motivated this Ph.D. research– but also by automating their jobs and thus taking over their 
professions. The latter seems to be even a more severe societal challenge than the former. 

Nevertheless, as pinpointed by Schmidt (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 for amplifying human cognition and perception, and thus extend 
human intelligence rather than challenging it (Schmidt, 2017b). In this way, we could 
enable a preferable future where human practitioners are empowered rather than sidelined. 
Such a vision is not as far away as it may sound. Actually, in our everyday lives, we have 
been already relying on the existing computing technology to extend our intelligence: just 
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, helping us store a 
huge amount of information and retrieve them precisely when needed (e.g., writing an 
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essay), which is beyond the capability of our inherent memory. A statistical software kit 
frees us from daunting or repetitive calculations with our collected data so that we can 
focus beyond the particular levels of statistical analysis, and focus on the patterns in the 
data on higher abstraction levels. According to the theories of the extended mind (Licklider, 
1960), or cognitive offloading (Dror & Harnad, 2008), these examples show how our 
intellectual capability can be extended by HCI systems. Nonetheless, as mentioned in the 
beginning of this thesis, these examples from office settings tend to resemble the back-stage 
occasions of professional practice. As revealed throughout this Ph.D. research, 
professionals in their front-stage practice (e.g., classroom-teaching or hospital nursing) 
need a different way of support from HCI systems. Yet so far, HCI research has rarely 
addressed how HCI systems could extend professionals’ intelligence embodied in their 
complex, busy front-stage routines.  

By examining related theories in Chapter 2, we have explicitly distinguished between the 
front-stage and back-stage of professional practice. Professionals’ activities in back-stage 
occasions, such as a teacher writing a report about students’ behavior, are relatively 
cerebral, i.e., involving largely prolonged analytical thinking. Differently, in the front-stage 
activities (e.g., classroom-teaching) professionals carry out intensive, simultaneous thinking 
and doing in a complex social or material surrounding, therein professionals have to heavily 
rely on their tacit knowing (Polanyi, 1962) in action rather than explicit calculation or 
prolonged analysis before action (Eraut, 2000; Schön, 1983). For this reason, their 
intelligence in the front-stage practice is tacit in their skillful action, as well as their 
effective sense-making in the midst of action (Schön, 1983). Moreover, their intelligence is 
embodied in their economical and artistic way of mobilizing attention: they can tacitly 
focus beyond many particulars of their skill performance or sense-making process, and 
selectively focus on the most relevant aspects here and now in the practice (Polanyi, 1962).  

To explain how practical intelligence is embodied in professionals’ front-stage routines, we 
can look at some examples from this thesis. For instance, the intelligent practice of a school 
teacher can be manifested in his/her fluent way of incorporating digital resources into his or 
her intensive teaching activities, without being distracted or overburdened by interacting 
with computing devices (see “FeetForward” study in Chapter 4). Also, the practical 
intelligence of a teacher can be manifested when he or she is able to initiate efficient and 
effective sense-making in busy actions about how well he or she has been providing 
interpersonal interaction to each individual learner (see “ClassBeacons” study in Chapter 
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5). As for a NICU nurse, we may say that this nurse is acting intelligently when he/she is 
able to silence a non-actionable alarm effortlessly, without having to disrupt his/her main 
task inside an incubator (see the case of “Beepless Pedal” in Chapter 6). Moreover, the 
practical intelligence of a NICU nurse can be implied by his/her responsiveness about the 
supply states of surrounding medical devices, with which he/she can proactively refill the 
supplies along with other unfolding tasks, avoiding undesirable alarming sounds disturbing 
their patients (see the case of “CheckMates” in Chapter 6). In addition, another quite related 
case has been recently presented by Holstein et al., aimed for seamlessly complementing 
teachers’ pedagogical competences through mixed reality glasses (Holstein, McLaren, & 
Aleven, 2019, 2018). All these cases arguably suggest how the practical intelligence of 
professionals could be extended by HCI systems that are designed to not demand their focal 
attention. 

This resonates with Polanyi’s theory about how “tools” could extend practitioners’ 
“practical comprehension” (Polanyi, 1962), as we have examined in Chapter 2. Namely, 
when a practitioner practices intelligently with his/her tool, the use of the tool becomes part 
of his/her tacit knowing (Polanyi, 1962). In other words, the tool itself can be tacitly relied 
on, so that the practitioner can better focus on the goal he/she uses the tool to approach. We 
might more vividly understand this through the metaphor used by Heidegger speaking of 
“readiness-to-hand” (Heidegger, 2005): when a practitioner is using a hammer proficiently, 
the hammer itself is tacitly relied on, as if it becomes extension of the practitioner’s hand; 
the practitioner’s focus is on the nail that he/she uses 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 are to extend our 
intelligence in practice should become the instrument of our attention, rather than the target 
of our attention.  

It has thereby become clear that in order to extend the practical intelligence of 
professionals, technology should be designed to be tacitly relied on rather than focally 
attended to during their front-stage practice. In this way, as also illustrated by the future 
story of Patrick, the future technology systems could be compatible with their economical 
and dynamic way of using attention, and thus incorporated into their spontaneous skill 
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performance and intuitive sense-making. This is in accordance with the design principle of 
peripheral interaction which has been extensively explored in this thesis. We hence argue 
that a meaningful continuation of this Ph.D. research could focus on broadening and 
deepening our understandings about how peripheral interaction could extend practical 
intelligence.  

In summary, as mentioned, facilitating symbiotic human-machine systems for empowering 
future professionals reveals itself as a relevant challenge in our current societal context. We 
argue that designing peripheral interaction can be a promising and unique solution to this 
challenge for a twofold reason. First, it specifically aims to extend professionals’ practical 
intelligence embodied in their intensive simultaneous doing and thinking. Second, it reveals 
that practitioners’ intelligence does not only concern what they are focusing on in the center 
of attention but also what they can tacitly rely on in the periphery of attention. 

7.4 Concluding Remarks 

This thesis has been aimed for exploring how to support professional practitioners (e.g., 
teachers, nurses, etc.) with technology that can seamlessly fit into their busy front-stage 
routines (e.g., teaching in the classroom, or nursing in the hospital ICU). These 
professionals need support from computing technology in their complex, intensive routines, 
but they have limited attentional resources available for interacting with computing devices. 
Traditional human-computer interaction (HCI) style require users’ continuous focal 
attention (e.g., graphical user interfaces on laptop computers or mobile devices), presuming 
the interaction as the main or only task of users during the moment of use. Relying solely 
on such HCI style hinders supportive devices from fitting into professional routines, in 
which interacting with a device is often a secondary task performed along with other 
unfolding tasks. We thereby have explored a supplementary HCI style in the emerging field 
of peripheral interaction, which proposes designing HCI that is able to be carried out in the 
periphery of users’ attention. In the thesis, we have connected related theories regarding 
professional routines to the design of peripheral interaction. Subsequently, we have 
concretized the value and implication of peripheral interaction by designing and evaluating 
new interactive systems meant to support teachers’ routines. Our design cases have 
demonstrated how peripheral interaction could unobtrusively support professionals by 
enriching their repertoire of action, as well as enhancing their reflection-in-action. Finally, 
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we have analyzed related design cases (by ourselves or by master students) across the 
professional domains of school teachers and hospital nurses. Our analysis contributes a set 
of design insights that could help future related HCI works to leverage peripheral HCI to 
support professional practitioners. Additionally, based on our vison resulting from this 
Ph.D. research, we propose future research for further exploring how peripheral HCI could 
extend professionals’ practical intelligence embodied in their intensive simultaneous 
thinking and doing. 
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An example of the exercise booklets used in the context-mapping study 
from Chapter 3. 
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Appendix B 

An example of the serial questionnaires used in the field evaluation 
from Chapter 4. 
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Summary 

The workaday routines of professional practitioners (e.g. school teachers or hospital nurses) 
are often intensive and complex, and contain unpredictable situations. They increasingly 
need supports from digital technology during their busy and demanding jobs (e.g. teaching 
in a classroom or nursing patients in an intensive care unit). However, there is simply not 
much time or attention available for them to use digital devices: interacting with these 
devices is often neither the only, nor the primary task in the heat of their unfolding practice. 
Currently, the user interfaces of digital devices normally require users to pay continuously 
focal attention. Such a way of human-computer interaction is difficult to seamlessly fit in 
and benefit practitioners’ busy workflow. 

Peripheral interaction, a burgeoning area in human-computer interaction, proposes shifting 
some of the computer-related tasks of users towards their periphery of attention. As a result, 
these tasks could be unobtrusively integrated into users’ daily routines, without requiring 
their continuous focal attention. Such peripheral interaction can include both users’ 
physical operation of and their information perception from computing systems. We believe 
peripheral interaction is a meaningful paradigm to enable new technologies to blend in and 
contribute to professional practice.  

To extend the design insights into this emerging topic, the thesis adopts a research-through-
design methodology in a real-world context. Specifically, secondary school teachers, as a 
typical group of practitioners, have been chosen as our target users to study and design for. 
In Chapter 2 and Chapter 3, theoretical and empirical investigations have been made to 
understand workaday routines of the target practitioners. Subsequently, Chapter 4 and 
Chapter 5 address two interactive systems (called ‘FeetForward’ and ‘ClassBeacons’) that 
have been developed and implemented in teachers’ real-life workaday context for in-depth 
evaluation. Rich empirical data reveal how peripheral interaction could unobtrusively 
enrich practitioners’ repertoire of action and enhance their reflection-in-action, without 
disrupting their ongoing workflows. Based on these design explorations, as well as two 
design cases inspired by our work while addressing another professional group (nurses in a 
neonatal intensive care unit), in Chapter 6, we extract a set of intermediate-level knowledge 
for future design to leverage peripheral interaction in supporting professional practitioners. 
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