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Executive Summary 

In this document, we describe the work conducted in WP6 over the final 18 
months of the project. This work was concerned with four areas of research: (1) 
situated glyphs as user interface design approach for flows, (2) micro-display net-
works as technical foundation for situated glyph-based interfaces (3) experimental 
exploration of perceived utility of situated glyphs and the efficacy of spatial distri-
bution of situated glyphs, and (4) user interface evolution.  

This deliverable covers the first three topics. Interaction aspects of flow evolution 
are reported in Deliverable 5.3.  

This deliverable is an extension and superseded Deliverables 6.1 Flow-based User 
Interface Framework and D6.2 User interface platform version 1. 
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Chapter 1  
Introduction 

Over the past years, research in pervasive computing has demonstrated the poten-
tial of context-aware and proactive technologies for improving human work per-
formance. Examples include systems for tracking and automatically recording 
task performance in industrial maintenance scenarios [16,17,18], measuring and 
informing workers about their exposure to equipment vibrations [48] and context-
aware information capture and presentation at hospitals [10,11,12,13,14,15]. Per-
vasive work support systems make use of sensing infrastructure and self describ-
ing physical objects augmented with digital resources along with handheld and 
wearable terminals to analyze work activities in real-time and to provide users 
with relevant and timely information pertaining to their work. Projecting in the 
future we can imagine that work environments will be densely instrumented, be 
able to understand minute details of work activities and will actively assist users 
in attaining their objectives.  

Although there have been significant advances in sensing and interactive devices, 
great challenges for the development of pervasive work support systems remain: 
the first challenge relates to the lack of technology-independent and transferable 
models of human work activities. Activity recognition approaches are driven from 
the bottom up and use models that are highly dependent on algorithms and tech-
nologies; they are not suitable as declarative modeling tool for specifying organiza-
tional work processes. Workflow technologies based on BPEL [28,49] and other 
languages provide an interesting starting point for the development of declarative 
activity models, yet existing approaches lack features to express physical context 
(location etc.) and are not suited for integration with activity recognition technolo-
gies.  

The second challenge relates to the design of interaction models and user interfac-
es to effectively support people in demanding work environments such as hospitals 
and industrial plants. Despite the progress in mobile, wearable and pervasive de-
vices, the question of how to distribute information in a physical environment 
across time and space considering user context and work processes with the goal 
to maximize human performance has not yet been tackled.  
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The ALLOW project tackles these issues on multiple levels. Firstly, ALLOW de-
veloped the concept of an Adaptable Pervasive Flow (APF – also simply called 
“flow” hereafter) as a new programming paradigm for enabling human-oriented 
pervasive applications. An AFP is a computer-based model of human activities 
and work processes. It consists of a set of physical actions glued together by a plan 
(a set of transitions), which defines how activities should or could be performed to 
achieve a specific outcome. In contrast to traditional workflows, AFPs are situated 
and context-aware: they are linked to physical entities like equipment and people, 
moving with them through different environments, thereby reacting to and being 
influenced by their context. Flows enables pervasive technical systems to adapt 
automatically and seamlessly to humans involved and embedded in them, explicit-
ly supporting people in achieving well-defined goals in dynamically changing envi-
ronments and contexts. 

ALLOW defines two types of flows, adaptive flows and human-centric flows. Adap-
tive flows are used to represent real-world processes where predictability and effi-
ciency are key aspects and which do not allow much flexibility. Logistics serves as 
an example. In contrast, human-centric flows directly model human behavior and 
may be learned from the user behavior or adapted in real-time to match the be-
havior of human actors. Human-centric flows and human actions are loosely cou-
pled: flows reflect the progression of the activities of a human actor while simulta-
neously a human actor may be influenced by the activities and tasks defined by 
the flow. In system terms we can say that a human-centric flow runs in the back-
ground, while human actions take place in the foreground. Human-centric flows 
are appropriate for scenarios where people are highly skilled and perform non-
trivial work, such as in hospitals (Chapter 2).  

A key aspect of both human actions and flows is that they are situated in the real 
world. In order to support the mutual interaction with between flows and people 
we require situated interfaces that adapt to the state of flows, the context of use 
and the complementary abilities of humans and computing devices. As flows and 
people move throughout the environment, interfaces need to adapt to make use of 
the most appropriate devices, taking into account placement of people and devices, 
and interaction requirements of flows. This raises the question of how to build 
effective and usable interfaces between people and flows and how these interfaces 
can be adapted in concert with flows. The objective of WP6 is to answer these 
questions and to develop models and systems for adaptable, situated user inter-
faces for flow-driven applications.  
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This report describes the concepts, design and implementation of the ALLOW Us-
er Interface platform. Chapter 2 lays out the case for reconceptualization of the 
flow user interface problem. While BPEL and other workflow technologies rest on 
the ‘task’ as key concept (i.e. an activity that must be performed by an actor), we 
argue for a new situated action approach. Chapter 3 introduces the use of flows in 
the hospital domain. Chapter 4 makes this idea by defining a situated action in-
teraction framework. Chapter 5 describes a situated user interface design and in-
troduces situated glyphs as key design element. Chapter 6. describes a display 
network implementation. Chapter 7 discusses interface adaptation and evolution. 
Finally Chapter 8 and 9 discuss experimental results.  
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Chapter 2  
From Tasks to Situated Action 

Over the last 15 years workflow technologies for managing business processes 
have seen a rapid rise in development and adoption. The reason for the success of 
workflow technologies such as BPEL [49] is manifold: high-level declarative mod-
els of business processes facilitate transparency, reuse and change; tight integra-
tion of workflow languages with service-oriented concepts support systems inte-
gration, and service composition (so-called “orchestration”) and coordination [29].  

Human participation in business processes is seen as a key aspect of process mod-
eling and various concepts and technologies have been developed for this purpose, 
most prominently BPEL4People [25] for human involvement in BPEL processes, 
and WS-HumanTask [23]. However, these technologies expose a rather primitive 
view of the human nature of work. WS-HumanTask uses the concept of human 
task to specify work, which has to be accomplished by people, and the concept of 
an assignment to determine which person is responsible for acting on a human 
task [23]. The literature is very explicit in stating “Human tasks are services ‘im-
plemented’ by people” [23,p.6] and “Tasks are assigned to humans use services to 
‘invoke’ human actors” [26, p.246]. Essentially, these technologies view a person as 
a service component that happens to be implemented by a human brain or body.  

This view is useful because it allows the integration of humans in service-oriented 
applications, but it is woefully inadequate when it comes to complex work process-
es, which cannot be easily standardized. Workflow technologies have been success-
ful applied to simple structured work processes where primitive chunks of work 
can easily be assigned to people, such an insurance claim processing  [23]. Howev-
er complex organizational settings where work is highly skilled and human com-
munication and coordination play an important role, have so far resisted digitiza-
tion and the use of workflow technologies [33]. Examples include emergency dis-
patch, air traffic control, and hospital wards.   

Making workflow technology truly ‘pervasive’ and extending their reach to com-
plex work environments requires a completely different model of human work, one 
that is steeped in an understanding of how people act, what motivates them and 
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how they make decisions. In recent years a new theory of action has taken hold 
that emphasizes the situated nature of action [20,34,42]. The situational theory 
posits that, by and large, human action is a direct unmediated response to situa-
tions encountered in the course of routine activity, i.e. actions are carried out by 
responding to the situation at hand much more so than following a deliberate plan 
of action [31,32]. For example, the actions of a nurse who cares for a patient are 
shaped by what he or she perceives to be necessary in a given situation - the state 
of the patient in front of his/her, the actions of other nurses (all seen and inter-
preted through his/her skills and expertise) - at least as much as by tasks defined 
in a care plan or instruction manual. In short: “Nobody could doubt that people 
often make and follow plans. But the complexity, uncertainty, and immediacy of 
the real world require a central role for moment-to-moment improvisation. But 
before and beneath any planning ahead, one continually decides what to do now.“ 
[34,p.1] Yet existing workflow technologies do not account for the situated nature 
of actions and are thus unable to support the fluid, minimally reflective actions of 
skilled actors. 

In the situated action theory, the environment plays a particularly important role. 
[22] and [49] have emphasized the importance of the environment in providing 
information to actors involved in routine activities. [22] showed and how people 
automatically respond to information about the environment, and [49] talks about 
how the performance of collective routines requires real-time information about 
how the immediate environment is changing. [43] outline some methodological 
principles for the design of a situated information system.  They argue that the 
environment should provide constraints on the shape that activities can take 
place, as well as opportunities for undertaking different types of activities to 
achieve goals. They suggest, “the environment should be restructured, making use 
of environmental opportunities and constraints, in order that goals are achieved 
more effectively and efficiently” [43].  Although system models that conform to the 
situated action theory have been proposed, such as ‘situated information systems’ 
[43,44,47] and the ‘situated choice support system’ [33], these models have not 
seen concrete realization.  
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Chapter 3  
Situated Flows for Situated 
Action  

Throughout the ALLOW project, we conducted a series of in-situ interviews and 
focus groups at two hospitals to better understand the nature of current hospital 
care as well as the concerns of nurses and doctors. One study was conducted at the 
Dementia ward at Mainkofen Hospital, Germany and the other one at the De-
partment of Plastic, Hand and Reconstructive Surgery at Hannover University 
Hospital. Our studies informed the human-centric flow concept and highlighted 
important interface requirements.  

Figure 3.1 shows an abstract hospital scene that captures key aspects of both 
Mainkofen and Hannover. Three patients are located in one hospital room, sur-
rounded by medical equipment. A nurse who is responsible for patient care enters 
the room to do his or her work.  

How does this scenario relate to flows? A key aspect of flows is that they are spa-
tial entities. Flows are associated with physical entities and people and thus phys-
ically located where these entities and people are. A patient flow is located where 
the patient is, in the above example at or near the bed. The nurse flow is wherever 
the nurse is. As the nurse moves from room to room the flow follows. Similar for 
device flows: they are located wherever the devices are located and when the de-
vice is moved, so moves the associated flow.  

The spatial nature of flows is inherited by activities contained in a flow. An activi-
ty associated with a patient (for example, performing a medical test) is located 
where the patient is and thus can only be done at the patient’s location. Clearly if 
the patient is moved to another room the activity can only be done at the new 
room. Similarly, an activity associated with a device is located where the device is, 
that means it can only be done near the device by a person next to the device. 



D6.3  

2011-08-15 14 

 

Figure 3.1. Hospital Room 

We formalize these insights by defining situated flows: 

Definition (Situated Flow): A situated flow is an adaptable pervasive flow 
where each activity has been assigned a physical location or an entity with a physi-
cal location.  

Situated flows are not a new modeling construct, but represent a snapshot of a 
flow at a particular time and space. However, not all adaptable pervasive flows 
are situated flows in that they can be located in time and space. In the context of 
the interaction work described herein we assume that every flow is a situated 
flow1.  

                                                

1 From now we use ‘flow’ do mean ‘situated flow’.  
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Figure 3.2 demonstrates the use of situated flows in this hospital scenario. Situat-
ed flows are used to model patients’ care plans, the work assignments of nurses 
and operating procedures of medical equipment. A nurse flow defines the sequence 
of activities he or she needs to perform during a day. Each patient has a flow that 
defines aspects of the patient’s care, for example taking medication, undergoing a 
medical test, dressing a wound. The nurse flow does not define a strict patient 
order, so the nurse can treat patients in any order he or she likes. Medical device 
flows specify handling procedure or safety aspects that need to be considered while 
using a device. 

 

 

Figure 3.2. Situated Flows in Hospital Scenario  
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It thus becomes clear that situated flows are the foundation for supporting situated 
actions. However, this raises important questions.  

• What kind of interaction concepts do we need to support situated ac-
tion?  

• How do we generate and adapt user interfaces for situated flows?  

These questions are answered in the next chapters.  
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Chapter 4  
Interaction Framework for 
Situated Flows  

Flows are models of human activity and regulate the complex interactions that 
occur between humans situated in pervasive environments and pervasive services. 
While the fundamental idea of flows as models of human activity is compelling, it 
introduces the problem of how to overcome the tension between the situated na-
ture of work practices on the one hand and the prescriptive nature of flows on the 
other hand. An important step towards resolving this tension is to reinterpret 
flows as ‘opportunities for actions’ rather than as ‘prescription to follow’. To realize 
this we have defined a new interaction model that helps people understand which 
actions are relevant and make sense in their current situation without forcing 
them to conform to a rigid plan of action.  

4.1 Background 

In his book "The Design of Everyday Things“ Don Norman discusses a general 
framework for goal-directed use of tools and technology. He highlighted seven 
stages of completing a task and associated design questions [21] as shown in Table 
4.1. 

Another model has been adopted by the business process community. Formalisms 
such as BPEL use a flow model to drive execution of computational services – and 
human tasks. In this model, the system is in control and users react: a business 
process that requires input that can only be provided by a human sends a request 
to the user (typically a form for filling in), once the data has been provided the 
business process continues to execute while the user waits for another task. Of 
course business process systems uses traditional graphical user interfaces, so on 
the surface they follow the “execution and evaluation” model. On a more im-
portant level, however, the roles between system and user have been reversed. 
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Table 4.1. Seven stages of action [21] 

Seven stages of action Relevant design question 

Forming the goal How easily can one determine the func-
tion of the device? 

Forming the intention How easily can one tell what actions are 
possible? 

Specifying an action How easily can one determine mapping 
from intention to physical movement? 

Executing the action How easily can one perform the action? 

Perceiving the state of the world How easily can one tell if the system is 
in desired state? 

Interpreting the state of the world How easily can one determine mapping 
from system state to interpretation? 

Evaluating the outcome How easily can one tell what state the 
system is in? 

 
The established workflow interaction model is unsatisfactory on many levels. First 
of all, it removes initiative from humans and reduces them to the status of mere 
providers of data and simple decisions. Secondly, and more importantly, the model 
is not suited for real-world human activities in complex physical environments.  

Taking the situation depicted in Figure 2.1 as example, a nurse, upon entering the 
room, needs to make decisions with respect to the following questions: 

1. What to do next?  
2. What task (=treatments) have been performed (by others? In the past?)  
3. Has task a been performed? When and by whom?  
4. Who is doing task b?  
5. Why was task c done?  
6. Why should I do task d?  
7. If I do task e, what else will I have to do?  
8. How do I do task a?  
9. Who can help me doing task f?    



D6.3  

2011-08-15 19 

If we assume that some of the tasks that need to be done are defined by a flow 
relating to the nurse and the patients, it becomes immediately clear that flow-
based interaction requires much more than simply presenting the nurse with a set 
of predefined tasks, as assumed by the established workflow interaction model. 

Norman’s framework can help us identify important interaction design principles, 
but his focus is very much on interaction between a person and a device (in his 
book he uses the example of a film projector). In contrast we focus on people’s ac-
tions in the real world, whether or not these actions involve technology. For exam-
ple, we are interested in supporting the work carried out by a nurse who cares for 
patients in a hospital. Many of the ‘actions’ (such as handing out medication or 
dressing a wound) are physical in nature and do not require computerized tech-
nology. Other ‘actions’, like measuring the blood pressure involve devices and 
technology that could be, or in many cases already are, computerized. Yet our fo-
cus is not on the nurse’s interaction with such a device, but the actions that are 
part of the overall process of caring for a patient, and most importantly on the sit-
uated nature of these actions.  

Figure 4.1 clarifies this distinction. It shows a nurse entering a patient room and 
having to decide what to do in this situation. In this scenario, the focus is not on 
interaction with medical devices but on real-world activities to be taken, most of 
which do not involve technology. 

4.2 Interaction Framework 

To account for the new focus on situated actions rather than device interaction we 
propose a new interaction framework that captures six stages of situated action, 
and identifies associated design questions and opportunities for technology sup-
port (Table 4.2.) 

The following chapter explains the framework using the scene depicted in Figure 
4.1 as example. Upon entering a new environment a person observes the situation 
(in our example, the nurse entering the patient room): what is the state of the pa-
tients? Does anybody need any immediate attention? What might other nurses 
have done up until this point?  
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Table 4.2. Situated Action Framework 

Six stages of 
situated action 

Relevant design 
question 

Situated technology 
support (system to 
user) 

Situated technology 
support (user to 
system) 

Observing the 
situation 

How easily can 
one tell what ac-
tions are possible? 

Discovery (making 
actions visible that 
could or must be done 
in the situation) 
 

 

Interpreting the 
situation 

How easily can 
one determine 
which actions 
should be taken? 
 

Recommendation 
(highlighting relevant 
or important actions) 

Feedback about the 
suitability of recom-
mended actions 

Deciding which 
action(s) to take 

   

Performing the 
action(s) 

How easily can 
one perform the 
action? 
 

  

Evaluating the 
outcome 

How easily can 
one tell what state 
the world is in? 

Feedback (indicating 
the quality of the ac-
tion or the quality of 
the outcome)  
 

Feedback about the 
suitability of recom-
mended actions 

Documenting 
the actions 

How easily can 
one memorize 
which actions 
have been per-
formed?  
 

Logging actions that 
have been performed 

Indicating actions that 
should be documented 
performed 
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Figure 4.1. Hospital Scenario 

The nurse then interprets the situation to determine which actions to take. This 
requires the nurse not only to take into account what he or she sees, but also what 
care plans, care manuals and general policies have to say with respect to the cur-
rent situation. If for example a patient is scheduled for a test the nurse might 
know this fact and start preparing the patient - this is something, which cannot be 
gleaned from the immediate environment but requires background knowledge. 
The nurse is required to combine the immediate observations with background 
knowledge to decide which actions to take and which action to take first.  

After having done a particular activity (such as dressing a wound) the nurse needs 
to judge if the result is good enough to move on to the next activity, i.e. the nurse 
needs to evaluate the outcome and be satisfied that it meets certain criteria.  
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Figure 4.2. Hospital Scenario with Actionpoints (blue dots), Recommendations 
(blue text) and general awareness information (red text). 

Finally, in hospital settings (as in many other work settings) it is important to 
document what has been done. Often this is done after a work shift, but as we 
have shown in [36] there are opportunities for doing the documentation in be-
tween work steps.    

Our key goal is to design interactive technology that supports these six stages of 
action, similar to the way a graphical interface and the desktop metaphor support 
a user’s interaction with a computer. We have identified four key support func-
tions (Table 4.2, Column 4): 

1. Discovery: an interactive flow system should make the actions that are 
“available” in an environment visible such that the user is able to discover 
the actions.  

2. Recommendation: an interactive flow system should indicate the actions 
that should be taken in the current situation. This can be done by using 
predetermined information, for example from patient care plans, or learned 
knowledge about the actions normally taken in the current situation. Such 
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knowledge could be gleaned by using activity recognition technology for ob-
serving nurse behavior over a long time.   

3. Feedback: an interactive flow system should indicate to a nurse when a 
task has been completed successfully. Again, this would require sophisti-
cated activity recognition technology.  

4. Logging:  an interactive flow system should help a nurse document the ac-
tivities he or she performed by automatically logging all activities. As be-
fore this would require the use of activity recognition technology.  

Figure 4.1. visualizes the discovery and recommendation step using arrows that 
indicate actions that can or should be taken by the nurse. Figure 4.2 shows a con-
crete example of the information that would be helpful for a nurse, and where in a 
hospital room it is relevant. The blue dots indicate actionpoints, which are the lo-
cations in an environment where actions should, must or can take place. 

Definition (Actionpoint): The location of a flow activity, i.e. a location where a 
human action should, must or can take place, as defined by a flow. 

So far we have focused on actions and information that may help an actor perform 
the action. However, it is important not to conceptualize people as passive recipi-
ents of information. Nurses are skilled actors with a lot of expertise about how 
work should be done. It is paramount to make use of this knowledge by allowing 
them to feed back information to the system. The situated action framework iden-
tifies three situations in which this makes sense: 

1. Providing feedback during interpretation: an actor might conclude that ac-
tions that the system indicates as possible or recommended do not make 
sense or are not appropriate. In this case the actor should be able to pro-
vide feedback to the underlying system by identifying the inappropriate ac-
tion, so that the system can learn and adapt its future behavior.  

2. Providing feedback after execution: an actor might conclude after having 
performed an action that this action should not be done in the future (for 
example because the action resolved the issues it was designed to address 
or because the actor realizes that the action does not and cannot resolve 
the issue). As example a nurse might decide that a wound has healed 
enough so that a dressing is no longer necessary. In this case the actor 
could provide feedback to the system to not include the action in the future.  
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3. Deciding which actions to document: an actor should be able to indicate 
which actions should (and should not) be documented.  

In the following chapter we describe a concrete user interface approach for realiz-
ing the situated action framework.  

4.3 Related ALLOW Concepts 

It is important to note the similarities and dissimilarities to Person-Centric Flows, 
a related concept developed as part of ALLOW [63,64,65].  

The basic idea behind a person-centric flow is to understand the set of tasks as-
signed to a person as a flow of tasks. A person-centric flow linearizes and refines 
people’s tasks into a sequential work plan. This is achieved by two major contribu-
tions: a concept for refinement of tasks and a concept of a task recommendation 
and control system. 

• Refinement system: tasks within business processes are often modeled 
with a granularity, which differs significantly from the granularity the 
tasks are actually executed by people. People divide tasks into smaller 
pieces, which are more manageable for them or combine the execution 
of two or more tasks, because they appear very similar to them. There-
fore, person-centric flows use the following task refinement patterns:  

− Split: splits one task into a set of sub-tasks. 
− Merge: combines one or more tasks into a single task. 

• Recommendation and control system: people are very good in scheduling 
a small number of tasks. A growing number of tasks, however, lead to 
scheduling errors and an increasing cognitive load. A system that pro-
vides recommendations and monitors obligations can counteract this. In 
person-centric flows the (refined) task list of a person is thus enriched 
with recommendations and obligations, which are generated by domain-
specific algorithms.   

The notion of a recommendation can be found in the situated action framework 
and in person-centric flows. However, person-centric flows view recommendations 
as simple sequential lists of recommended tasks; they ignore the physical embed-
dedness of flows and the situated nature of work. Recommendations as defined in 
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the situated action framework are situated, i.e. they indicate a time and place 
where an activity should or can take place. The embedding of such recommenda-
tions into the physical environment implies a concurrent nature of situated rec-
ommendations, in contrast to the sequential nature of recommendations of person-
centric flows.   
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Chapter 5  
Situated Glyphs: Interface 
Design for Situated Flows  

The gist of the user interaction framework for situated action is to transform a 
physical work environment into an interactive canvas for information to provide 
actors with situated cues about the location, timing and nature of possible actions. 
These cues are driven by the flows that exist in the environment and are highly 
dynamic as they continuously adapt in concert with flows to reflect the current 
state of work.  

In the following we describe a concrete user interface approach for this interaction 
framework. We limit out attention to the parts of the interaction framework that 
do not require extensive activity recognition. Thus we focus the following set of 
functions:   

1. Discovery (making actions visible that could or must be done in the situa-
tion) 

2. Recommendation (highlighting relevant or important actions) 

3. Feedback (from user to system, indicating the (un)suitability of recom-
mended actions) 

For an approach for situated documentation see our previous work [38].  

5.1 Background  

The discussion in the previous chapters makes clear that mobile devices and 
shared large-scale displays do not conform to the idea of an environment that ex-
poses opportunities for actions. Mobile devices, as they are carried in a pocket, are 
not seamlessly embedded in the nurses' work practices. Nurses at Mainkofen and 
Hannover reported that any kind of handheld mobile device tends to get in the 
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way of 'doing the work' and that they even take off their wrist watches to lower 
the risk of injuring patients or patients holding on to it. Large-scale display on the 
other hand have been successfully used for supporting information-rich tasks that 
require access to multi-media information [10,11,12,13,14,38] but so far they have 
not been used for helping staff to uncover situational opportunities and con-
straints. 

The use of visual information representations is widespread in the medical do-
main  [37,51,52] and glyphs have been used to encode medical data in a variety of 
ways. [53] define a graphical language of glyphs to encode prescription instruc-
tions for medication in order to reduce prescription errors. Another example is the 
use of glyphs for encoding patient case histories [54,55,56] where collections of 
glyphs are used to represent a patient’s medical diagnosis and significant patient 
events such as examinations and treatments. 

5.2 Situated Glyphs 

Inspired by the work on medical visualization and recognizing the limitations of 
existing interaction approaches in hospitals environment we have developed a 
novel user interface paradigm for flows based on the notion of situated glyphs 
(Figure 5.1).  

 

Figure 5.1. Alternative Design for Situated Glyphs  

Situated glyphs are visual representations of activities that are situated in place 
an time: they indicate when, where, which activities can or should take place in 
an environment (Figure 5.2). Situated glyphs can be compared to signs and traffic 
signals: the word Exit or the iconic picture of a green figure indicates the meaning 
(the presence of an emergency exit) while the placement of the sign indicates the 
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location of the exit. Similarly, the lit color of the traffic light conveys information 
about whether to stop, whereas the position of the traffic light conveys information 
where to stop. Situated glyphs, in contrast, indicate the presence of a specific ac-
tivity at a specific place, at a specific time. For example, a glyph attached to a pa-
tient’s bed might indicate the need to turn an immobile patient, while a glyph at-
tached to a medical device might indicate the need to perform a medical test indi-
cating the device.  

Situated glyphs are technically realized by micro displays (see Chapter 6). We use 
the term glyph to highlight the separation between graphical representation 
(glyph) and its technical manifestation (displays). Situated glyphs are adaptive: 
they can change their appearance to match the activity at hand and move from 
one location (display) to another location (display). 

 

 

Figure 5.2. Situated Glyphs in Hospital Room 
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5.3 Design Space 

Situated glyphs are intent to help actors decide which actions to take in a given 
situation.  

[3] gives a basic background on standard glyphs emphasizing on finding the right 
encoding mechanism to encode information into symbols. Drawing on his theory in 
the context of pervasive computing environments, we observe that there are four 
design cardinals that need to be considered for physical embodiment of these situ-
ated glyphs. These design cardinals address four basic questions: what infor-
mation to present in situated glyphs, how, where and when?  

• Content: what should be represented by a glyph? 
• Modality: what modality is attached to the meaning encoded in a 

glyph, i.e. the possibility, impossibility, contingency, or necessity of the 
indicated meaning?  

• Visual representation: how should a glyph look like and how should 
information be encoded? 

• Spatial placement and distribution: where in a physical environ-
ment should glyphs be presented (size, absolute and relative location, 
density)  

• Temporal placement and distribution: when should glyphs be pre-
sented (before, during, after activities; duration)? 

In the following chapters, we discuss these questions and present a broad perspec-
tive on the design space of situated glyphs. 

5.3.1 Content or Information Affinity 

Information Affinity describes the type of information that is substantial to main-
tain the operational efficiency and consistency of a dynamic work environment, 
i.e., it addresses the “What” aspect of situated glyphs. To understand information 
affinity we observed activity patterns in the work environment of nurses support-
ing Dementia and Alzheimer’s patients at the Mainkofen to expose the basic and 
critical information needs. Based on our studies, we analyzed the nurses’ daily 
routines and divided these into four generic activity patterns: 
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1. Activity Type I: perform action a, e.g., prepare injection.  
2. Activity Type II: perform action a with object o, e.g., sterilizing a scis-

sor.  
3. Activity Type III: perform action a to patient p, e.g., change dressing of 

patient one.  
4. Activity Type IV: perform action a with object o to patient p, e.g., meas-

ure blood  sugar level of patient p with a glucose meter.   

Each activity is composed of an action and optionally an object (e.g. a blood pres-
sure monitor) or a patient. The study results suggested that in most cases actions 
only involve a single object and patient. Further analysis of these activity types 
and discussion guided us to identify six distinct information types:  

• Identity and Relationship: This category of information describes the 
identity of a patient, medical equipment, etc. and their relationship 
with each other in the context of an activity. This type of information 
helps nurses to make informed decision regarding which equipment to 
use with which patient.  

• Status: This category of information reflects an individual’s or an ob-
ject’s status, e.g., the operational status of an equipment (e.g., faulty, 
working).  

• Instructions: This in formation type provides guidelines to perform med-
ical routines with or without specific medical equipment.  

• Confirmation: Feedback about the successful completion of a medical 
routine with or without specific medical equipment.  

• Explanation: This category of information provides explanations to ad-
dress exceptional situations, e.g., when devices are malfunctioning.  

• Trends: Temporal trail or history of an equipment’s status or patient’s 
medication record.  

5.3.2 Modality 

We use glyphs to describe two key modalities of actions: 

• The possibility for action: in hospitals and other work environments, 
the successful execution of an action is often dependent upon the com-
pletion of preceding actions. This means that in order to act, actors 
need to know that the actions on which their intended action is depend-
ent have been successfully completed. Thus a glyph can indicate to the 
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actor the completion or result of the prerequisite action(s) or, more gen-
erally, the possibility of the next action. 

• The necessity for action: in hospitals and other work environments, 
the execution of an action is often driven by necessity, for example be-
cause an action is mandated (e.g., washing hands) or arises out of need 
(e.g., changing a drip feed because it is empty). This means that in or-
der to act, actors need to know which actions need to be done when and 
where. Thus a glyph can indicate to the actor the necessity for an action 
in context. 

Situated glyphs do not always have to relate to concrete actions. We also use 
glyphs to signify two additional categories.  

• A past action: Past actions influence future actions and thus knowing 
that an action took place in the past or should have taken place in the 
past but didn’t is important contextual information for an actor.  

• Situational Awareness: Oftentimes it is important for nurses to be-
come aware of aspects of the environment without having to react im-
mediately. For example, the amount of fluid intake of patients is im-
portant for nurses and doctors when assessing a patient's status. Sen-
sors can provide this kind of data, but it is not associated with a direct 
call for action.  

5.3.3 Visual Representation 

In general, information representation can be abstract or concrete. We observe 
that glyphs can  be expressed in the language of  sem iotics, the branc   o-
phy that deals with signs and  their m eanings. A         

three elements:  signified, signifier, and sense [3].  Signifier signifies a signified 
(physical object) through signs to give  a sense to an observer. Semiotic  signs can 

be Symbolic, Iconic  or Indexical. Sym        

abstract  and need im plicit do        g-
ure 5.3(a). Iconic signs have an intermediate degree of transparency and provide a 
metaphoric representation as shown in Figure 5.3(b). Indexical signs are much 
more direct and reflect the signified object with high fidelity as shown in Figure 
5.3(c). 
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We are interested in portraying different information types into situated glyphs 
using semiotic signs. To this end, Figure 5.4 plots various areas of representation 
among our identified information affinity and semiotic signs.  

Whilst it may be interesting to explore symbolic or iconic representations for artis-
tic purposes especially consulting the contemporary literature on persuasive am-
bient displays aimed towards behavior shaping [1,2], looking at the design space it 
is clear that indexical signs are best suited for our purpose of designing situated 
glyphs as shown in Figure 5.4. This is mainly due to the limitation of symbolic and 
iconic signs’ capabilities in expressing instructions and explanations articulately. 
 

 

Figure 5.3. Symbolic, Iconic and Indexical Glyph Designs 
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Figure 5.4. Design Space of Information Affinity and Representation Density 

 

Figure 5.5. Situated Glyph Design (Alternative 1) 

Figure 5.5 depicts the design of a simple concrete glyph that utilizes color, text 
and numbers to represent different information categories.  

5. Color represents relationships: every individual and object is assigned 
a color; an individual can perform an action with an object (optionally to 
another individual) only if their color matches. 

6. Numbers represent device and patient identities: Two sub-properties 
of the identity are a circle and a pointing arrow. The circle (lower left) 
represents the active component of an action (e.g., an object or a pa-
tient). The presence of a pointing arrow (compass metaphor) represents 
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the status of the component (working or faulty, available or not) and its 
physical direction. 

7. Text is used to provide a description of the action in the form of in-
struction, explanation, confirmation or trends. 

Consequently, the glyph shown in Figure 5.5 corresponds to a “red” coded nurse’s 
activity of measuring blood pressure with a “red” coded patient numbered “3”, us-
ing a “red” coded blood monitoring device numbered “19” which is available in the 
south-east direction and working fine.  

5.3.4 Spatial Placement and Distribution 

Spatial Distribution describes the distribution granularity and placement alterna-
tives of situated glyphs and corresponds to the “Where” aspect of the design space. 
One interesting point of discussion is defining the optimum number of glyphs dis-
tributed across the environment.  

 

Figure 5.6. Placement Strategies for Situated Glyphs 

This placement granularity reveals the design trade-of between information ca-
pacity and fragmented attention. By increasing the number of glyphs it is possible 
to present more fine-grained information [57]. Additionally, information can then 
be dispersed across these glyphs in a more situated fashion, i.e., a glyph embedded 
in an object shows only information about that object instead of showing about the 
activity as a whole. However, the caveat of increasing the number of glyphs is that 
it introduces fragmentation of attention due to the demanding context switches, 
which consequently increase the cognitive load of the individuals involved in the 
activity. 
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Taking these distribution choices into account, we envisage that there are multi-
ple possibilities for the placement of the glyphs. Delving into the “Situative Space 
Model” introduced by Pederson [40,41,45], we can logically distribute the glyphs 
into manipulative space and observable space. A third alternative is the physical 
embodiment of a glyph onto an entity. Accordingly we identify three design strate-
gies for physical placement of glyphs: 

• Activity centric: A glyph is placed at the main location where the ac-
tivity is being performed. Figure 5.6(a) shows an example of an activity 
involving a patient and a blood pressure monitor. In this scenario, a 
glyph can be placed next to the patient’s bed if we assume that this ac-
tivity will be conducted while the patient is in bed. 

• Space Centric: A glyph is placed in the observable space and is shared 
across multiple activities and entities as shown in Figure 5.6(b), where 
the glyph is placed in a easily observable location of the physical space, 
such us the wall between two patients’ beds. 

• Entity centric: A glyph is embodied in every entity as shown in Figure 
5.6(c). In this placement option, glyphs can be attached to the medical 
personnel, to the patient and to the blood pressure monitor, so that we 
can provide a finer detail of information and the glyphs require less in-
formation updates to their situated nature. 

Entity centric glyphs represent the extreme end of the spatial spectrum, even 
though they provide the finest detail of information, they introduce maximum 
fragmentation of attention in comparison to activity centric and space centric 
glyphs. In addition, entity centric glyphs require less information updates and 
adaptation dues to their situated nature compared to the other two alternatives. 

5.3.5 Temporal Placement and Distribution 

Temporal Distribution specifies the timing of information provision that a situated 
glyph provides and refers to the “When” aspect of the design space. This timing is 
directly related to the information affinity, i.e., different information requires dif-
ferent timing for presentation. Analyzing the physical activity, we observe that 
there are three phases of any activity - pre-execution phase (before), execution 
phase (during), and post execution or evaluation phase (after). We have devised an 
information-timing matrix for situated glyphs in the context of health care do-
main. This is depicted in Figure 5.7. The figure exposes the timing demand of each 
information type.  
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Figure 5.7. Options for Temporal Distribution of Situated Glyphs  

As an example consider relationship information. It is essential for a nurse to 
know before performing a medical routine with equipment that this is the right 
equipment for the patient in context. Furthermore, the relationship information 
should be maintained during the execution to ensure interaction consistency, and 
finally also be present after execution to receive the confirmation that the routine 
was successfully recorded for that patient. On the contrary, status information is 
only needed in the pre-execution phase to ensure that equipment or an individual 
(e.g., a patient) is available. A further example is an instruction, which is only 
needed before and during an activity, but not once the activity has been complet-
ed. 

• Proactive Guidance: a critical aspect of the nurse’s daily work is to 
provide medical care in line with a patient’s care plan. The care plan 
describes the key tasks that need to be done by nurses (providing medi-
cation, changing bandages, performing medical tests, taking blood sam-
ples, etc.). As care plans change constantly and may contain non-
routine activities (in addition to standard and routine activities) it is 
paramount for nurses to have ready access to care plans. A digital ver-
sion of the care plan that can be accessed or is automatically available 
at the patient’s bed side would be a great help especially for trainee 
nurses.  
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• Reactive Guidance: Many actions done by nurses happen in reaction 
to events or situations nurses encounter while providing routine care. 
For example a drip feed is changed by nurses whenever it is empty or 
bed sheets are changed when they are soiled. Some medical devices 
have audible alarms that indicate when actions need to be taken. In the 
same vein, we anticipate that sensor technology can be used to sense a 
much wider variety of patient conditions, which in turn can be used to 
provide nurses with specific indications.  

5.4 Example 

Following discussions with healthcare professionals we have identified a number 
of situations where situated glyphs can provide valuable guidance: 

1. Administrations of medications (proactive guidance) 
2. Patient not turning in bed: might necessitate turning an immobile 

patient (reactive guidance) 
3. Patient out of bed: might require that a nurses intervenes or helps 

the patient (reactive guidance) 
4. Bed is wet: bed linens need to be changed (reactive guidance) 
5. Vital signs outside the norm (reactive guidance) 
6. Patient's fluid intake (situational awareness) 
7. Monitoring interaction between staff and patients (situational 

awareness) 
8. Washing hands before interacting with a patient (reactive guidance) 

Since some of the information associated to these situations is confidential, in or-
der to avoid incurring into privacy issues, text was ruled out. Glyphs provide a 
privacy-preserving means of displaying information in public spaces (even though 
this is a design dimension we have not yet explored). Figure 5.8 shows situated 
glyph examples. 

Information is encoded in the relevant parts of the bed. For example, if the event 
pertains the patient itself, then the corresponding patient shape will be filled with 
a color range, as can be seen in first glyph in Figure 5.8. If instead the event is 
related to the bed, the corresponding shape will be associated with a color indicat-
ing the priority of the event (as in the second glyph in Figure 5.8. For events 1 to 
6, priority is expressed through a range of discrete color values in which green 
indicates no urgency required, blue indicates normal priority, orange average pri-
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ority and red high priority. To differentiate between events an icon is added to 
communicate the nature of the information. From left to right, the glyphs in Fig-
ure 5.8. are used to express events 1, 2, 4 and 5. For the "washing hands" rule, we 
assume a glyph attached to the sink in the patient room. A simple color scheme is 
used to indicate the level of compliance with the hand-washing rule. Sensors in 
the room detect if and when a nurse washes their hands before interacting with 
any patient. Should violations occur, the display notifies the change by gradually 
turning to red from green.  

 

Figure 5.8. Situated Glyph Design  (Alternative 2) 
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Chapter 6  
Micro-Display Networks for 
Situated Glyphs  

Situated glyphs are technically realized by micro displays networks. We use the 
term glyph to highlight the separation between graphical representation (glyph) 
and its technical manifestation (displays).  

 

 

Figure 6.1. Micro-display network in hospital room. The location of individual dis-
plays is indicated by a yellow rectangle.  
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A micro-display network is a collection of small-scale networked displays used for 
displaying situated glyphs. It implements a ‘dispersed display space’ as shown in 
Figure 6.1. Each display is affixed to a piece of furniture, a device or a wall in the 
environment. Depending on size, each display device can display one or more 
glyphs. 

6.1 Display Addressing Scheme 

Each display can be addressed in three different ways: 

• Device ID. Each display device has a unique ID which can be used to 
send commends and content to the display 

• Logical: Each display device has a logical association with a real world 
entity (device, furniture, patient etc.). 

• Location: Each display device has a location expressed in a domain-
specific location model. A coarse-grained location model uses the room 
as.   

6.2 Dispersed Display Space 

A display network implements a ‘dispersed display space’ that is characterized as 
follows: 

• Located: the display space is anchored in physical space, i.e. it has a 
specific physical location. 

• Physically distributed: as each display has a particular location the 
display space has a concrete physical location and extent.  

• Anchored: as displays are associated with real-world entities, collec-
tions of displays associated with the same entity form a distinctive dis-
play space.   

• Sparse. The display space is not contiguous but consists of small dis-
play areas separated by large gaps 
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Figure 6.2. A single micro-display showing a situated glyph 

The concept of a dispersed display space allows information to be placed at a real-
world location. For example, information can be assigned to displays in one par-
ticular room associated with one particular device. Similarly, information can be 
assigned to displays associated with patients.  The mapping of information onto 
display devices is done automatically using a distribution strategy that conforms 
to the three distribution policies identified in Chapter 5 (activity-centric, entity-
centric, space-centric).  

6.3 Display Device Implementations  

We developed three incarnations of wireless display devices. Figure 6.2 shows a 
prototype display unit assembled from an iPod and a custom case. Figure 6.3 
shows another prototype also built using a wireless iPod. In contrast to the first 
version it supports multi-device combinations (top-right image in Figure 6.3) 
where multiple glyphs can be shown on one physical display unit.  
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Figure 6.3. Alternative Display Design (single glyph and multi-glyph) 

 

 

Figure 6.4. Embedded-Micro Display Device (Original size 51mmx30mm) 



D6.3  

2011-08-15 43 

Figure 6.4 finally shows a custom-developed wireless display built from embedded 
system components: 

• A OLED-160-G1 display module manufactured by 4DSystems, featur-
ing a resolution of 160x128 pixels at 65k colors and consuming 110mA 
at maximum and 14 mA at minimum, with an average of about 20 mA 
at 4 V. Consumption depends on contrast which is regulated by envi-
ronmental conditions. 

• Wireless connectivity is provided by a microcontroller with embedded 
ZigBee -IEEE 802.15.4 capabilities. Based on this low-power wireless 
network TCP/IP functionality is provided by the Contiki operating sys-
tems.  

• The core module is made of a Jennic JN5139 wireless microcontroller 
that integrates memory, CPU and IEEE 802.15.4/ZigBee connectivity. 
It has a wireless operating range of about 30m indoors and consumes 
45mA during wireless operation. A port of Contiki to the Jennic JN5139 
provides IPv6 communication capabilities. Wireless networking is based 
on the IEEE802.15.4 standard, which targets low-power wireless sensor 
networks and in our case is geared towards single-hop, reliable, high-
speed operation. A sustainable throughput of 8 kb/s through a TCP- 
connection is achievable 

• A rechargeable lithium-polymer battery of the same physical size as the 
display with a capacity of 1000mAh and associated power conversion 
unit. The system is able to run at least for 6 hours with full bright dis-
play, constant wireless transmission and constant usage of input. In 
average settings, runtimes of 3 or more days are expected which fits our 
need. 
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Chapter 7  
Interface Generation, 
Adaptation & Evolution  

A key aspect of flows is their adaptability and evolvability: flows modify their 
structure and execution in order to achieve a better ‘fit’ with actions and processes 
taking place in the real world [8]. As flows adapt and evolve, and as people and 
devices move with their flows throughout the environment, flow interfaces need to 
adapt as well. In this chapter, we discuss dynamic aspects related to generation, 
adaptation and evolution of situated glyph interfaces.  

7.1 Interface Adaptation  

A situated glyph user interface is a physically distributed visualization of flows 
and activities where each glyph indicates a user action in time and space. Flows 
and their activities are made visible to the human eye at locations that are rele-
vant for the human actions they relate to. Thus we can define a glyph based user 
interface more formally as follows:  

Definition (Situated Glyph Interface): A situated glyph interface is a time-
dependent mapping of flow activities into physical space.   

This definition of a situated glyph interface provides the basis for the definition of 
adaptation of a flow user interface:  

Definition (Situated Glyph Interface Adaptation): Adaptation of a situated 
glyph interface refers to the dynamic (re)mapping of flow activities into physical 
space during flow execution.  

This definition highlights two points: (1) interface adaptation relates to the distri-
bution of situated glyphs in a physical environment. Any change of the distribu-
tion represents an interface adaptation. (2) Interface adaptation takes place dur-
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ing flow execution. It follows that the initial creation of a situated glyph interface 
from a flow can be seen as a special case of interface adaptation.   

The above definition of interface adaptation clarifies what is being adapted (the 
mapping of glyphs to physical space), but it doesn’t clarify why adaptation takes 
place. In order to clarify the objective of interface definition we use the following 
alternative definition of Situated Glyph Interface Adaptation:  

Definition (Situated Glyph Interface Adaptation):  The modification of a sit-
uated glyph interface during flow execution to optimally support users‘ real world 
(work) activities. 

This definition is vague about what is being adapted, but states the objective of 
adaptation as “to optimally support users‘ real world (work) activities”. This defi-
nition captures the ultimate purpose of flows, namely to enable us to build perva-
sive applications that “explicitly support people in achieving well-defined goals in 
dynamically changing environments and contexts” [66]. 

However, the ability of a flow-based system to support people’s goal-directed activ-
ities depends on many aspects and is not just a function of the quality of the user 
interface. In the hospital scenario, the ultimate measure of success is the quality 
of care and success in healing patients. A flow-based system might help nurses 
accomplish their work but easy to measure aspects of work like efficiency take a 
back seat to subjective experiences such as work-induced stress and fatigue. Any 
attempt to speed up flow ’execution’ by optimizing the scheduling of nursing tasks 
would certainly meet with fierce and justified resistance. Thus when we talk about 
user interface adaptation in the context of flow-based system we cannot aim to 
optimize the work outcome in some directly measurable way. This is in contrast to 
the work on adaptive flows [8] and the logistics domain where performance meas-
ure such as overall execution time and throughput are easy to define.  

7.1.1 A Heuristic Approach to Interface Adaptation 

Because of the impossibility of directly measuring the quality of a situated inter-
face we use a heuristic approach to interface adaptation.  

In Chapter 5.3 we discussed the design space for situated glyphs. In Chapters 8 
and 9 we report results of user studies, which we performed to understand the 
influence of spatial and temporal distribution strategies on subjective user experi-
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ence and objective task performance. We have used insights from these studies to 
define two glyph distribution heuristics.  

• Activity-centric Glyph Distribution Heuristic: A glyph is made 
visible at a display that is as near as possible to the location where the 
activity should be performed.  

• Entity centric Glyph Distribution Heuristic: A glyph is made visi-
ble at a display associated with the main entity associated with an ac-
tivity. For example, glyphs are made visible on displays associated with 
the patient or a blood pressure monitor. 

7.1.2 Mapping Algorithms 

We now define mapping algorithms for the entity-centric and activity-centric 
glyph distribution heuristics. We start with a set of common definitions:  

Definition (Mapping Problem): A Mapping Problem is a tuple (FS, D) where FS 
is a set of flows, D is a display network.   

Definition (Display Network): A display network is a tuple (D, loc, entity) where  
• D is a set of displays d1 … dn. 
• loc:DLoc is a location function that identifies the physical location of 

each di ∈ D.  
• entity:DEnt is a partial function that identifies the entity a display di ∈ 

D is assigned to. 

Definition (Situated Flow): A situated flow is a tuple (A, loc, entity, glyph) 
where  

• A is a set of activities a1 … an. 
• loc:ALoc is a location function that identifies the physical location of 

each ai ∈ D. 
• entity:AEnt is a partial function that identifies the entity an activity ai 

∈ A is associated with. 
• state:A{active, inactive} is a time-dependent function that identifies 

the state of a flow activity.  
• glyph:AG is a function that identifies the glyph g∈G that is used to 

visualize an activity a∈A. 
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This simplified flow definition expresses the minimum information that need to be 
known about a flow to allow mapping and visualization of flows. The state function 
is a time-dependent function that captures the flow execution state.    

Definition (Activity Map): Let F be a flow with activities a1 … an. Let Loc be a 
set of real-world locations. An activity map for a flow F is a function map:FLoc 
that maps each activity ai from F to a real-world location.  

Definition (Display Assignment): Let F be a flow with activities a1 … an. Let D 
be a display network with displays d1 … dm. A display assignment is a relation 
dassign:F×D that maps each activity ai from F to one or more displays from D.  

A display assignment is a mapping of activities to displays. It indicates on which 
display the glyph for an activity will be displayed. The temporal visibility of the 
glyph is determined by the   

Definition (Location Offset of an Activity): Let a be an activity of a flow F, let 
d be a display of a display network D, and let (a,d) ∈ dassign. The offset of a is de-
fined as the positive distance between the activity location loc(a) and the display 
location loc(d) (or more precisely: the sum of all distances, in the case an activity is 
assigned to more than one displays at a time).  

The location offset of an activities determines the physical distance between the 
location of the activity and the display where it’s glyph is displayed. It is a meas-
ure of the quality of a display assignment.  

Definition (Accuracy of Display Assignment): Let F be a flow with activities 
a1 … an. Let D be a display network with displays d1 … dm. Let dassign:FD be the 
display assignment that maps activities from flow F onto displays from D. The Ac-
curacy of Display Assignment is the square root of the mean of all location offsets 
of activities ai 

7.1.2.1 Activity-Centric Mapping Algorithm 

The activity-centric mapping algorithm to solve a mapping problem M = (FS,D) 
computes the best display assignment for all flows in FS, i.e. the display assign-
ment with the highest accuracy.  

This algorithm has the advantage that it is easy to implement but it ignores po-
tentially important human aspects: the assumption that minimizing the distance 
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offset leads to a better mapping is untested. Human’s spatial perception doesn’t 
rely on exact distances and it might as well be possible that the best place to visu-
alize an activity is not as near as possible where the activity should take place. In 
addition this algorithm ignores visibility aspects of displays as it is probably the 
case that not all displays are visible from all locations in an environment. Never-
theless this algorithm provides a simple foundation for further refinements and 
other definitions of the mapping algorithm are possible. For example, an alterna-
tive mapping algorithm could use a replication parameter to indicate on how many 
displays each activity should be presented.  

7.1.2.2 Entity-Centric Mapping Algorithm 

The entity-centric mapping algorithm to solve a mapping problem M = (FS,D) 
computes a display assignment such that entity(di)=entity(aj) for all di∈D and 
aj∈FS with (di,aj) ∈ dassign.  

This algorithm computes a mapping that assigns each activity to a display associ-
ated with the entity that the activity refers to. So a patient-related activity (for 
example wound dressing) would be displayed on the display associated with this 
patient.  

7.1.3 Visualization Algorithm 

The mapping algorithms presented above only address the spatial distribution of 
activities to displays, they ignore temporal aspects and glyph selection. Mapping 
an activity to a display doesn’t mean that the activity glyph will be immediately 
visible on this display – it only means that if the glyph is visible, it will be visible 
on this display. The temporal aspect is primarily determined by the state of the 
flow at runtime, i.e. which activities in a flow are active.  

Thus we can define an overall visualization algorithms as follows:  

Definition (Visualization Problem): A Visualization Problem is a tuple 
(FS,D,G) where FS is a set of flows, D is a display network, G is a set of glyphs.   

Definition (Glyph Assignment): Let F be a flow with activities a1 … an. Let D be 
a display network with displays d1 … dm. Let dassign:F×D be a display assignment 
for F and D. Let G be a set of situated glyphs. A glyph assignment is a time-
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dependent partial function gassign:DG that assigns a display d a situated glyph 
g such that dassign(a,d) and glyph(a)=g.  

A glyph assignment simply is a time-dependent mapping of activity glyphs to dis-
plays.  

The algorithm to solve a visualization problem V = (FS,D,G) computes a glyph 
assignment using a mapper algorithm such that: if (a,d) ∈ dassign then 
state(a)=active.  

The algorithm computes a time-dependent mapping of activity glyphs to displays, 
where only those glyphs whose activities are active (as defined by the execution 
state of the flow), are visible.   

7.1.4 Interface Adaptation Triggers 

Interface adaptation is a reactive process that takes place in response to external 
or internal events. Interface adaptation is triggered by the following events (Fig-
ure 7.1):  

1. Significant context event: situated flows are located in time and space, 
and they are associated with physical entities and people. When enti-
ties and their flows move a new mapping of flow activities onto the sur-
rounding physical space must be computed. Thus location changes of 
flows (or their associated entities) are significant context events that 
trigger interface adaptation.  

2. Flow adaptation: a situated glyph interface is a visual representation of 
flows and activities in a physical environment. Thus the user interface 
must be adapted whenever and as soon as a flow is adapted.  
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Figure 7.1. Relationship between Flow Adaptation, Context Recognition and Inter-
face Adaptation 

 

 

 

Figure 7.2. User Interface Adaptation Process 
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7.1.5 Interface Adaptation Process 

The interface adaptation process consists of several steps as depicted in Figure 
7.2. 

Flow Discovery: The first step consists in the discovery of all relevant flow. As a 
nurse enters a new room, a spatial discovery mechanism collects the flows that 
exist in this environment.  

Flow Combination: Nurse flows and patient flows are combined to create a new 
overarching flow that represents all activities. More concretely, a nurse flow is 
refined with matching patient flows. Using the flows in Figure 2.3 as example the 
outcome would be as depicted in Figure 7.3. This flow is then initiated and execut-
ed by the flow engine.  

Interface Initialization: At the same time the new flow is sent to the user inter-
face component. The first step in the process is the extraction of activities in the 
flow. This provides information about the physical entities of people activities are 
associated with and the possible execution pathways through the flow.  

Activity Mapping: The next step is the mapping of activities onto display devices 
as defined by the mapper algorithms above. This is done in a two-step process: 
first activities are mapped into physical space, and then from physical space onto 
displays. This requires knowledge about the location of each display in the display 
network. 

Glyph Creation: After activities have been distributed onto displays, they are 
converted into glyphs. At this point the user interface has been instantiated and 
fully realized. Continuous information from the flow engine indicates the current 
flow state and each activity transition. This information is used by the user inter-
face component to hide or show glyphs as appropriate.  

Whenever a flow adaptation occurs, i.e. whenever the structure of the flow is 
adapted, the interface process starts anew.  

The end-result of this process is a distribution of visual representations of activi-
ties (i.e. glyphs) in a way that indicates to a person in a room where which activi-
ties can or should take place.  
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Figure 7.3. Flow after Nurses enters Hospital Room (i.e. after situated combina-
tion). 

For example a wound-dressing activity would be displayed near the patient or 
next to the bed, a hand-washing activity would be indicated at the sink glyph, a 
medication dispensing activity would be displayed on the patient’s medication tray 
and/or the patient himself. Once an activity has been performed and the flow exe-
cution proceeds to the next activity, the interface is updated accordingly. In that 
way glyphs not only indicate activities that should or need to be performed, but 
also which activities do not have to be performed any longer. Thus glyphs implicit-
ly provide information about the status of performed work. 
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Figure 7.4. User Interface Adaptation Architecture 

7.1.6 Interface Adaptation Architecture 

The static system architecture that realizes the adaptation process is depicted in 
Figure 7.4. The two key interface components are the Mapper and the Glypher. 

• Mapper: The Mapper extracts activities from the current flow instance 
and, taking into account the spatial context of the flow and spatial ref-
erences of the activities, computes an activity map, which maps each 
activity to a precise area in physical space. 

• Glypher: In the second step, the Glypher takes the spatial activity map 
produced by the Mapper and determines on which display device each 
activity should be represented, thereby computing a (glyph assignment). 

Further details can be found in Deliverable 5.4 [72].  
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7.2 Evolution 

When the ALLOW project was set up, the original vision for flow evolution was 
strongly tied to the notion of self-improving flow applications. Essentially flow 
evolution was conceived as a way to optimize the performance of flows over time 
by using a learning mechanisms that would evaluate the ”performance” of flows 
with respect to the context in which they are being executed. In this approach flow 
performance is defined as a measure of how good a plan achieves the flow’s goal in 
the given context.  

In a similar vein, we can define interface evolution as follows: 

Def. Interface Evolution: The adoption of best performing recurring adapta-
tions of a flow-based user interface to optimally support users‘ real world (work) 
activities.  

However, through studies at Mainkofen and Hannover Hospital we uncovered 
that the idea of evolution as optimization is not suitable for human-centric flows 
and healthcare applications for the following reasons: 

• For human-centric flows it is not clear how to define an appropriate 
measure of flow performance. For adaptive flows [8] and the car logis-
tics scenarios performance measure are easy to define such as overall 
execution time, throughput, and average processing time per car. Yet in 
hospitals the quality of care and success in healing patients is the ulti-
mately measure of success. An attempt to speed up flow ’execution’ by 
somehow optimizing the scheduling of tasks would certainly meet with 
fierce and justified resistance. As a matter of fact, the notion of flow ex-
ecution (a nurse execution a set of given tasks) does not make sense for 
human-centric flows. Instead, a human-centric flows must be seen as 
defining ’opportunities for action’ that a nurse might or might not fol-
low. Ultimately the way a nurses provides care for a patient his defined 
by his or her decisions - made on the basis on expertise and situational 
necessity - and not (solely) on the basis of tasks defined by a flow. 

• As flows represent aspects of medical care it is not possible to evolve 
flows automatically. A hospital is a strictly hierarchical institutions 
where decisions about medical treatment and care can only be done by 
a very limited number of staff, primarily doctors and head nurses. It is 
out of the question to propose a mechanisms that would somehow au-
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tonomously make decisions of how to ’optimize’ a flow in a hospital, 
without at least involving authorized medical personnel.  

• Finally, the original assumption was that context in which flows are 
’executed’ can be fully captured by the system. However, within a medi-
cal environment there are many aspects of the world that a computer 
system cannot know: the health and condition of a patient as judged by 
nurses and doctors. Thus even though the context as sensed by a system 
might be the same in two situations, medical personnel might still view 
these situations as different and act differently.   
 

In response to these insights we have shifted our attention from automatic 
evolution to interactive evolution. In particular we have defined a new para-
digm for interactive flow evolution which we define as follows: 
 
Def. Interactive Flow Evolution: An interactive process for modifying flow 
models in response to explicit feedback by users provided during flow execu-
tions.   
 
Interactive flow evolution Interactive flow evolution is a semi-automatic learn-
ing process where users provide input about the suitability of a flow in a given 
context.  
 
We believe that interactive flow evolution is an important new concept for per-
vasive flows that warrants investigation for theoretical and practical reasons. 
The practical reasons are related to the organizational aspects of hospital work 
as described above: interactive flow evolution integrates well with hospital 
practices in way a fully automated flow evolution mechanisms does not. From 
a theoretical point of view, interactive flow evolution raises interesting novel 
research questions, namely 
 
• How do we design situated user interfaces that allow users to provide feed-

back about the suitability of a flow without introducing distraction and 
without requiring users to understand the concept of flows and have 
knowledge of the underlying flow execution? 

• How to design a flow evolution algorithms that operate on explicit user 
feedback?  

In response to these questions we have defined a new paradigm for interactive 
flow evolution, which combines automatic suggestions of flow evolutions by the 
flow system with an interactive, collaborate modification of flows by medical staff. 
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As key novel concept we introduce a way for nurses to provide in-situ feedback 
about a flow by means of interactive evolution hints.  

Interface adaptation and interactive flow evolution are two distinct processes that 
nevertheless are connected. Both are based on the same situated glyph design 
framework for flow based interfaces, and both are built on top of algorithms devel-
oped for flow adaptation and flow evolution (Deliverable 5.3b) [71]. Mechanisms 
and system architecture for interactive flow evolution are described in Deliverable 
5.4 [72].  
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Chapter 8  
Experimental Exploration of 
Spatial Glyph Distribution  

In Chapter 5.3.3 Spatial Placement and Distribution, we introduced three spatial 
distribution strategies for situated glyphs. In order to understand the impact of 
distribution and placement of situated information on task performance and user 
experience, we conducted a user study. The goal of the study was to gain an in-
sights in the linkage between information distribution, task performance and sub-
jective user experience, and thus to contribute to the theoretical understanding of 
spatially distributed information interfaces. The study was explicitly not designed 
to evaluate or validate the distribution strategies as to their suitability for a spe-
cific work environment. Even though the question “What is the best distribution 
arrangement for situated glyphs and why?” is valid and relevant, we believe that 
the answer would be very specific to the physical environment and the work that 
takes place within it. A study to that effect at Mainkofen Hannover Hospital was 
not possible because of privacy concerns. As there are currently no theories and 
models that can readily be applied to the study of adaptive, dynamic provision of 
information in spatial environments, our study focuses on developing an experi-
mental approach and informing the theoretical framework. To ensure repeatabil-
ity, we chose a lab-based study with a controlled experimental setting. The formu-
lation of the situated action framework and the distribution strategy in Chapter 3 
and 4 is one of the outcomes of this study.  

They key question driven our investigation is “Can the use of situated glyphs be 
useful to support human activities, and if yes, how?” A further refinement of this 
questions leads to the following set of questions:  

• Do situated glyphs affect user performance?   
• To what extent will situated glyphs alter task behavior?  
• Does the use of situated glyph raise information overload and attention 

management issues?  
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• Do spatial distribution matters? I.e. is there a measurable effect when 
comparing two distribution strategies, and if yes, what aspects of user 
behavior does it relate to?   

8.1 Study Design 

In this subchapter we present a detailed description of the study design and the 
methods adopted to conduct the user study. 

8.1.1 Objectives 

The objective of the study was to determine if spatial distribution of task-related 
information has an effect on task performance and how a task is performed.  

8.1.2 Participants 

We recruited 14 participants from the students at our local university through 
posters and mailing lists. There were 9 male and 5 female participants, aged 21 to 
27 (average age of 24.29) The participants rated their experience with computers 
from beginner (1) to expert (7) with mean value of 6.64. 

The study took approximately one and a half hour per participant. After finishing 
the study, the participants were paid £10 for their time.   

8.1.3 Study Task 

In order to measure effect of spatial distribution of task information we chose to 
abstract the tasks done in a hospital. We identified the following set of criteria for 
a suitable task: 

• Physical: The tasks should be physical and involve tangible interaction 
with physical objects. 

• Spatially distributed: These tasks should be physically dispersed, so 
that the participants have to move physically from one place to another 
to complete the tasks. 

• Goal Oriented: These tasks have a common final goal. A number of 
tasks are stitched together with a plan to achieve a goal.  
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Figure 8.1. Study setup: (a) laptop for the control panel and server, (b) iPad for the 
main glyph and (c) iPods for the object-related glyphs.  

 
• Non-Sequential: These tasks are non sequential to high- light the adap-

tive nature of the interface, as well as the inter dependency across tasks 
is minimal.  

Choosing from the 9 categories for manual tasks referenced in [39] we set up the 
user task as a physical puzzle. To complete a puzzle, the participants had to pick 
up the correct plastic shapes - among all the objects distributed around the room - 
and place them in the correct positions of a grid (Figure 8.1(b)). In other words, 
the activities that the participants had to perform were composed of several pick- 
and-drop tasks where the shapes involved in the activity were spatially distribut-
ed around the room. As guidance, participants were given information how they 
had to arrange plastic shapes on the grid. This seemingly trivial task requires us-
ers to seek out information distributed across the environment, physically move 
about while handling objects with their hands. In that sense the study tasks ex-
hibits some the properties of a nursing task.  

8.1.4 Study Procedure: Spatial Distribution as Dependent 
Variable 

The dependent variable of the study is the physical distribution of plastic shapes 
and information. The study was designed with three experimental conditions.  

• Not distributed: In the first condition we used one glyph located right 
next to the grid on which the shapes had to be placed. This condition 
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corresponds to the activity-centric distribution strategy but it limited to 
just one glyph (Figure 8.1b and Figure 8.3a).  

The second and third conditions represent the space-centric and entity-centric 
distribution of glyphs (Chapter 5.3.3). For these two conditions, in addition to the 
previous glyph, we placed 3 (condition 2) or 9 (condition 3) glyphs throughout the 
room (Figure 8.1c).  

• Space-centric distribution: In this condition we placed 3 glyphs at 
easily visible locations in the room (but not directly next to where an 
activity of picking up a shape is taking place)  

• Entity-centric distribution: In this condition we placed 9 glyphs next 
to 9 physical shapes distributed across the room.  

The study was conducted in one room with an approximately of 20 m2. Figure 8.2 
shows the floor plan of this room and the details of the physical setup of the study. 
This figure depicts the entity-centric distribution, the grid is located on the far left 
in the middle of the wall. The distance between glyphs is about 1.5 m.  

The glyphs designed for the study are shown in Figure 8.3. The main glyph (Fig-
ure 8.3a) indicates the required placement of shapes on the grid. The situated 
glyphs (Figure 8.3b) indicate the shape and color of the object to be selected from a 
pile of physical objects near the glyph.  

 

Figure 8.2. Floor plan showing the physical setup of the study 
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Figure 8.3. Glyphs designs 

 

Figure 8.4. Participants performing the study activities. 

Fig. 6 shows the pictures of two participants while they were performing the study 
activities. Fig. 6(a) shows a participant completing the puzzle following the in-
structions of the main glyph, and Fig. 6(b) shows a different participant while se-
lecting a puzzle piece with the support of an object-related glyph. 

8.1.5 Method 

Participants took part in the experiment individually. After an introduction about 
the objective of the study participants were asked to perform the study task, fol-
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lowing the instructions indicated by the glyphs. Once a shape had been placed 
onto the grid, the experimenter used study software to change the information 
displayed on the glyphs in accordance with the next task.  

The study followed a within-subjects design, where each participant goes through 
all three study conditions. In addition we used a Balanced Latin Square for Coun-
terbalancing to mitigate against potential learning effects. We ensured that each 
row in the Latin Square was completed by two participants. The conditions entail 
the completion of 3 different activity patterns composed by 9 tasks each (corre-
sponding to the number of objects the users have to interact with to complete one 
activity). 

Following the completion of each study condition, we asked each participant to 
answer a series of subjective questions taken from the IBM Computer Usability 
Satisfaction Questionnaires [8.9] and the NASA Task Load Index [7]. At the end of 
the session we conducted a final semi-structured interview to gather feedback and 
subjective opinions. A/V equipment was used to record all sessions and interviews 
for later analysis. 

8.2 Results 

Quantitative and qualitatively results indicate the benefits of using situated 
glyphs. Increasing the glyphs granularity improves performance of individuals 
and increases favorability ratings. 

8.2.1 Quantitative Comparisons 

In this chapter we present the results obtained for this quantitative data collected 
during the study. 

8.2.1.1 Completion Time and Errors 

We computed two main performance measures: completion time and errors. The 
activity completion time was the time elapsed from the moment the participant 
first looked at the main glyph and ended when placing the last piece of the puzzle 
in the correct position of the grid. Results show that a higher number of glyphs 
can lower the activities completion time. We obtained an average difference of 8.67 
seconds between the fastest and the slowest study conditions. The difference in 
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the maximum and minimum completion times was 11 and 28 seconds respectively. 
Although we expected to see further improvement in the completion time, we have 
not found a dramatic improvement in the average time between conditions. We 
believe that this could be due to the constrained physical space and the nature of 
the tasks. In fact, post-activity interviews and the results of qualitative question-
naires suggested that the results could be different if the study’ activities had tak-
en place in a bigger physical space, where the various tasks involved in the activi-
ty were physically more dispersed. In other words, we believe that the completion 
time would be reduced if the distance between the tasks involved in the activity 
had been longer. 

Errors were classified into two types, completion and location errors. Completion 
errors are errors that occurred during the completion of the puzzle, such as pick-
ing the wrong objects, placing them in a wrong position of the grid or a missing 
shape on the grid. The number of completion errors was very small so we did not 
observe a direct correlation between the number of glyphs and this kind of error. 
However, the number of completion errors for the study condition with the highest 
number of glyphs is 50 % smaller than the condition with the lowest one. Location 
errors were counted when the participant picked the wrong objects from room’s 
locations where any object related with the activity had been placed. We consider 
that location errors are a good measure of performance and efficiency, especially 
when the tasks are physically very dispersed.  

 

Figure 8.5. Location errors 



D6.3  

2011-08-15 64 

A high number of location errors imply that the individuals have to walk longer 
distances to complete the activity and as a result the effort and time required is 
higher. Figure 8.5 shows that the mean and maximum values of the location er-
rors do not correlate with the number of glyphs. The first study condition had a 
significantly higher (57.1 %) average error rate than the third one. 

8.2.1.2 Iteration Steps and Simultaneous Tasks 

We did not observe a straight correlation between how well the participants com-
pleted the activities and the time it took them to do it. However, from our observa-
tion of the participants’ performance and experience during the study, we can 
state that there was a direct relationship between their overall satisfaction and 
the number of simultaneous physical tasks they engaged with or the number of 
iteration steps that they had to perform for completing the activity. For this rea-
son, we also included them as measurements of activity performance. 

We computed the number of simultaneous tasks that participants engaged on by 
counting the maximum number of objects that they picked during each one of the 
routes around the room that they followed for collecting the objects required for 
completing the activity. We defined the iteration steps as the number of stages 
that participants needed for completing the activity, e.g., the number of rounds 
around the room. 

Figure 8.6 presents the results of the number of simultaneous physical tasks. As 
we can observe, there is a direct correlation between the average values of this 
variable and the glyphs granularity. When we have 9 object-related glyphs, the 
number of simultaneous tasks that participants engaged is 43.3 % higher than 
when we only have the main glyph. In addition, the maximum value of this varia-
ble is obtained for the condition with the highest number of glyphs. 

The bar graph in Figure 8.7 shows the results of the iteration steps for the three 
study conditions. Again, we can observe how a higher number of glyphs can lower 
the mean, maximum and minimum number of iteration steps that the participants 
required for the completion of the activities. In this case, we have a difference be-
tween the first and the last condition of 33.3%, 27.3 % and 66.7% for the mean, 
maximum and minimum values respectively. 
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Figure 8.6. Simultaneous tasks 

 

Figure 8.7. Iteration steps 
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Figure 8.8. Context switches 

8.2.1.3 Context Switches 

During the study the amount of context switches for the different conditions were 
counted. A context switch was defined as occurring when the users view switched 
from the main activity glyph to any other point. Accordingly, we computed the 
number of eye movements of the participants and we considered as 1 context 
switch every time the participants view focused in the main glyph. 

According to Figure 8.8 the study condition with the smallest number of glyphs 
requires a higher number of switches. The average value of context switches for 
this condition is 32.5 % higher than for the condition with the highest number of 
glyphs. Also the maximum and minimum values correlate with the glyphs granu-
larity. 

It seems reasonable to assume that although entity centric glyphs provide the fin-
est detail of information, they introduce maximum fragmentation of attention in 
comparison to activity centric placement because the information is be dispersed 
across a higher number of glyphs, which can lead to demanding context switches. 
Nevertheless, the previous results confirm that a higher glyph granularity reduces 
context switching because the information is presented in a more situated fashion. 
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8.2.2 Qualitative Comparisons 

This chapter provides results from qualitative data obtained by observing the par-
ticipants behavior and through semi-structured interviews and questionnaires. 

8.2.2.1 Subjective Feedback: Mental Task Load and Information Utility 

After each study condition, participants were asked about task demand, frustra-
tion level, perceived performance and needed effort using the NASA Task Load 
Index questionnaire. Figure 8.9 shows the results normalized to a 5 points scale 
from very low to very high. According to the participants’ feedback, completing the 
tasks without any object- related glyphs required higher mental, physical and 
temporal demand and resulted in a higher frustration level and lower perceived 
performance. In addition the effort needed for participants to accomplish their 
level of performance was higher than for conditions where we have object-related 
glyphs. The condition with the highest number of glyphs was significantly better 
than the one where we only have the activity-centric glyph arrangement with re-
gards to the task demand and effort. Nevertheless, they are more similar in terms 
of performance and frustration level. 

In the post condition interview, participants expressed their agreement to several 
statements of the IBM After-Scenario Questionnaire (ASQ) and Post-Study Sys-
tem Usability Questionnaire (PSSUQ). A summary of the results is presented in 
Figure 8.10 and Figure 8.11 using a 5 points scale from strongly disagree to 
strongly agree. 

In general, the conditions with higher number of glyphs gained better results than 
the one with only one glyph. The participants felt that it was easier and faster to 
use as many glyphs as objects. The condition with the highest glyphs granularity 
appealed to the majority of participants resulting in the most effective, enjoyable 
and effortless support. Participant 11, for example, indicated a low level of satis-
faction when completing the activities without any object-related glyph, stating ” I 
had to do all by myself! The smaller screens were helpful in the previous tasks and 
I was used to them”. In addition, participant 12 indicated that having more dis-
plays, the task had been easier and faster and that ” Having lots of displays is re-
ally good ”. The results also show that the participants feel that the information 
provided with a high number of glyphs was effective, clear and easy to find and 
understand. 
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Figure 8.9. Task Load Index 

 

Figure 8.10. IBM Computer Usability Satisfaction Questionnaires (Part 1) 
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Figure 8.11. IBM Computer Usability Satisfaction Questionnaires (Part 2) 
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We consistently observed that the overall subjective response to the increment of 
the number of glyph was positive even when many participants already felt that 
they were able to complete the activities relying in their own intellectual capacity 
and with the only support of the glyph displaying the activity overview. However, 
most participants agreed that if the activity they have to perform were complex, 
they would prefer to have the support of a system with the highest glyph granu-
larity. For example, when asked how many glyphs he would prefer to have, partic-
ipant 2 answered ” As many as objects or a few less because I’d leave some room to 
think by myself”. But when asked whether he would like to have situated glyphs to 
support him in some real-world activities, he said ”If the activity is complex I’d 
trust completely in the system”. Asked the same question, participant 13, said, 
”Sure! They make you organize and prioritize your work” 

8.2.2.2 Subjective Feedback: Attention Fragmentation and Information 
Overload 

We also asked participants questions to evaluate attention management and in-
formation overload issues. Our aim was to assess whether the fact of improving 
the quality of the information by increasing the number of glyphs introduces 
fragmentation of attention or information overload. All participants said that they 
looked at the glyphs one at a time, so that we could not find any evidence of the 
fact that a high number of glyphs caused fragmentation of attention. In addition 
to this, although most participants claimed that the information provided for all 
the study conditions was enough to meet the information requirements of the ac-
tivity, they were more satisfied with the information provided by the highest 
number of glyphs. Moreover, any participant felt for any of the conditions, that 
they had received more information than what they could consistently handle. If 
we relate these observations with the results presented previously in Figures 8.8, 
where the context switches do not correlate with the number of glyphs, we can 
therefore claim that there is not a direct relationship between the number of 
glyphs and the participants’ attention management. As a consequence, we can also 
affirm that having a high number of glyphs did not produce a feeling of infor-
mation overload in the users. 

8.2.2.3 Use of Space and Physical Movement Patterns 

Another interesting observation about the participants’ behavior while completing 
the activities is related to the physical path that participants followed to perform 
the activities.  
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Figure 8.12. Observed Physical Movement Patterns (Left: one central glyph. Right: 
nine distributed glyphs) 

We observed that there was a marked difference in the number and shape of the 
routes that participants followed for collecting the objects around the room. Figure 
8.12 depicts an example of the participants’ movement pattern around the room 
for the conditions with only the main glyph and with 9 object- related glyphs. 
From analyzing all the paths of all the participants we can confirm the partici-
pants feeling about the higher physical effort needed when the number of glyphs 
is small. Therefore, we can claim that increasing the number of glyphs results in 
an improvement in the participants’ efficiency. 

8.3 Implications 

The aim of this chapter is to summarize findings and formulate implications that 
we can draw from the results of our study.  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Increasing the number of glyphs improves Task Performance and Infor-
mation Utility 

According to the study results, we can claim that the entity centric distribution of 
glyphs boosts subjective user experience and has a positive impact on task per-
formance and perceived information utility. Both, quantitative and qualitative 
data show that task performance increases with an increase in the number of 
glyphs. 

Measurements of completion time, location errors, iteration steps, number of sim-
ultaneous activities engaged confirmed that the best performance is achieved 
when there are as many glyphs as objects involved in the activity. In addition, the 
participants’ feedback reveals that most participants preferred to have a high 
number of glyphs. Finally, from our observations of the participants’ behavior we 
can assert that a high number of situated glyphs ameliorate the efficiency and 
satisfaction of the users. 

According to the results of the PSSUQ questionnaire, participants feel that the 
information provided by the condition with the highest number of glyphs was ef-
fective, clear, and easy to find and understand. These results and the ones related 
with activity performance help us to confirm that the information utility increases 
with the number of glyphs. 

Situated Glyphs require Focused Attention 

As mentioned in the previous chapter, all participants commented that they 
looked at the glyphs one at a time. Therefore, although we initially expected that 
situated glyphs with an entity-centric placement would require divided attention, 
we found that instead they required focused attention. Previous researchers have 
found that the user performance correlates positively with the amount of info a 
user receives, but that beyond certain point the performance of the individual will 
rapidly decline [6]. For this reason, we hypothesized that increasing the number of 
situated glyph would improve activity performance but up to certain point. We 
expected that a high number of glyphs increased the fragmentation of the users 
attention. Nevertheless, due to the fact that our findings revealed that glyphs re-
quires focused attention and reduces context switch because the information is 
presented in a more situated fashion. We cannot unequivocally assert the claim 
due to the limited number of participants and glyphs. It would be necessary to 
perform more longitudinal studies in the future in order to confirm our observa-
tions statistically. 
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Spatial Distribution does not effect Information Capacity 

From the quantitative results and from the users feedback we did not observe any 
evidence that the spatial distribution of the information caused any symptom of 
information overload. In contrast, all the results confirmed that the utility of the 
information provided increases with the number of glyphs whilst no symptoms of 
information overload arise. This is why we can claim that an entity centric place-
ment of situated glyphs when the entities and task involved in the activity are 
spatially dispersed does not affect the information capacity of the individuals. In 
fact, we used some metrics and indicators for information overload, such as recall, 
emergent and implicit poles [4] and gestalt [5] by asking participants some specific 
questions about the activity they had just finished. However, we did not detect any 
sign of information overload in any of the study conditions. 

Situated Glyph can be used for Structured Activity Route 

As already expected and confirmed by the study results and the observation of the 
participants behavior, certain applications have been identified that could benefit 
of the usage of situated glyphs distributed in an entity centric fashion. One exam-
ple of these applications is the use of glyphs for structured activity route. That is, 
we can deploy the glyphs in the environment in a way that the user is led to follow 
a specific path to complete the activity. In other words, if the glyphs are placed one 
after another in a structured fashion, there is a high possibility that people follow 
a controlled activity route. An additional benefit of this application is that if the 
deployment of the glyphs is carefully planned, we could use more efficiently the 
physical space, and the activity performance and the users experience could im-
prove significantly. 
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Chapter 9  
Experimental Exploration of 
Glyph Timing and Control  

During a three-month deployment of context-aware technologies in a hospital, 
Bardram et al. [10] found that clinicians rejected all active context-aware features, 
suggesting that it is very important for hospital staff to stay in control. To allow 
users to cope with uncertainty and possible mistakes, Bellotti and Edwards [62] 
argue that context-aware systems should be made intelligible by informing users 
about their understanding of the world, and should offer users control in order to 
recover from possible mistakes. 

This observation raises a critical issue for the situated glyph approach:  

• When should situated glyphs be presented: before a supposed activity 
as guidance, or after an activity as confirmation?  

• Do proactively presented glyphs raise control issues? If so, does a reac-
tive approach where user explicitly request information offer a better 
approach than a proactive approach?  

The first questions relate to the temporal placement and distribution dimension of 
the situated glyph design space (Chapter 5.3). The second question refers to con-
trol aspects (initiative) of situated glyph interfaces. The third question  

To gain a deeper understanding of the role timing and controls aspects play in 
situated glyph interfaces, we have conducted a user study at Mainkofen hospital 
with nursing staff. The study used a semi-controlled design and involved an reen-
actment of nursing activities in a simulated patient room. The study took place in 
a training room at Mainkofen hospital, very close to the place of work of nurses 
who volunteered to take part in our study. Direct observations and semi-
structured interviews allowed us to identify how information should be best pre-
sented, what level of control is appropriate under what circumstances, and when 
is the right time to present which kind of information. Based on our findings, we 
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were able to define concrete design guidelines for building intelligible flow-based 
systems in a hospital environment. 

9.1 Study Design 

9.1.1 Objectives and Motivation 

The objective of this study was to investigate the three dimensions: Degree of co-
location, Initiative and Timing while presenting activity-centric information in a 
hospital environment. We wanted to investigate which methods to provide infor-
mation are best suited in this kind of environment and under what circumstances. 
More specifically, this study aimed to answer the following research questions cor-
responding to each of the three dimensions (Figure 9.1): 

Q1 Degree of co-location: Should information be presented in an embedded way  
(when it is fully integrated with the user’s current activity) or external way (when 
it requires the user to switch to a separate, dedicated mode)? Situated glyphs real-
ized by displays are an example of an embedded presentation. In contrast, the use 
of a mobile device to display the same glyphs represents an example of a an exter-
nal presentation. 

Q2 Initiative: Should the initiative lie with the user (i.e. user explicitly ask for in- 
formation) or the system (system automatically presents information to users)? Or 
is a more hybrid approach more suitable? In what situation is there a preference 
for either, and why? 

Q3 Timing: When should what kind of information be provided (before, during or 
after actions have taken place), and why? 
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Figure 9.1. Design dimension explored in User Study 

To answer these questions, we performed a study in which nurses are exposed to 
different prototypes along the three axes (degree of co-location, initiative, and tim-
ing) and collected quantitative and qualitative data. We sought to obtain a deeper 
understanding of these three dimensions in the form of guidelines that can be 
used by designers of future interactive system in hospital environments. 

9.1.2 System Description 

9.1.2.1 Glyphs 

Figure 9.2 shows the six different types of glyphs used in the study, which contain 
information of the four different information types obtained in the formative 
study. 

When participants approach a patient, they are first shown an overview of the 
tasks they have to perform with this patient (Figure 9.2(a)). The task overview 
consists of a short task list together with a patient ID (the number 2). 

The system or user then proceeds to the first task (depending on the initiative), 
and is shown a glyph representing an individual task (Figure 9.2(b)). This type of 
glyph consists of a short description of a task (in this case: “Blutdruck messen”, 
which is German for “Measure blood pressure”), the patient ID (the number 2), 
and the ID of the medical instrument to use for this task (the number 1: the ID of 
the stethoscope). Patient and equipment IDs correspond to the Identity and Rela-
tionship information type. 
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When participants complete a task, the system confirms this by showing a check 
mark (Figure 9.2(c)). Finally, when all tasks for a patient have been successfully 
completed, a last confirmation is shown, consisting of a check mark and again the 
patient ID (Figure 9.2(d)). These glyphs correspond to the Confirmations infor-
mation type. 

When there is an exceptional situation (e.g., a patient is allergic to a certain type 
of medication), the task glyph will indicate this. For the purpose of this study, we 
used a single type of exception that reports problems with the medical instrument 
needed to complete the task. In this case, the circle around the medical equipment 
ID would be coloured red (Figure 9.2(e)). The next glyph would then show an ex-
planation of the exception to help nurses solve the problem. In this case, the ex-
planation (Figure 9.2(f)) tells participants to get the insulin injection from a first 
aid kit in another part of the room. 

 

Figure 9.2. Situated Glyphs used in Study 

9.1.2.2 Degree of Co-location: Hardware Prototypes 

To investigate the Degree of co-location dimension (research question Q1), we used 
two different hardware prototypes to show glyphs to participants, as shown in 
Figure 9.3. For the External condition, we used an Apple iPod touch handheld 
(Figure 9.3(a)) where glyphs are shown on the display. For the Embedded condi-
tion, we developed a wearable projector prototype using a plastic case with a mir-
ror oriented at 45 degrees at the bottom and a neck strap at the top which projects 



D6.3  

2011-08-15 78 

glyphs in front of the user (Figure 9.3(b)). The plastic case contains another Apple 
iPod touch, which is connected to a MicroVision ShowWXTM Laser Pico Projector.  

The use of a wearable projector instead of micro-displays represents a pragmatic 
choice and was necessary since the micro-display network technology was not yet 
ready by the time this experiment was conducted. In terms of the information con-
tent and the location where glyphs are visible in the environment, wearable pro-
jector and displays are nearly equivalent.   

To simulate context recognition, we used the Wizard-of-Oz technique. The experi-
menter (Figure 9.4(a)) remotely controlled the glyph display on the prototypes 
through the specific controller web page (Figure 9.4(b)).  

 

Figure 9.3. Mobile and Wearable Conditions.  
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Figure 9.4. Wizard-of-Oz User Interface.  

9.1.2.3 Initiative: Voice Control versus Automatic Context Recognition 

The dimension Initiative (research question Q2) was examined by varying the way 
participants had to proceed from task to task (user-driven versus system-driven 
interaction). In the case of user-driven interaction, participants had to is- sue the 
voice command “Next”, after which the next glyph would be shown. 

Both system- and user-driven interaction were controlled by the wizard. In the 
case system-driven interaction, the wizard would enact automatic recognition of 
completed tasks by proceeding once she noticed that the participant had complet-
ed a task. With user-driven interaction, the wizard would proceed to the next 
glyph when the participant issued the voice command “Next”. Although partici-
pants could see the wizard, we explained that she was only there to make sure the 
system would run smoothly. None of the participants realized that the wizard was 
actually driving the interaction. 

9.1.2.4 Timing: Varying the Duration 

Finally, the Timing dimension (research question Q3) was explored by randomly 
varying how long information was visible during the trials. Glyphs describing a 
task would sometimes only appear briefly before starting a task, and would oth-
erwise remain visible during the task as well (the during condition). As it did not 
make sense to vary the timing of all information types (e.g., confirmations), nurses 
were asked during the final interview to report their preferences regarding the 
timing of different information types. We also asked participants whether they 



D6.3  

2011-08-15 80 

noticed that information would at times remain visible for a longer period, and 
whether they would like to change anything regarding the timing at which infor-
mation was currently being displayed by the system. 

9.1.3 Methodology 

9.1.3.1 Room Setup 

We conducted our study in the same Department of Geriatric Psychiatry of the 
District Hospital Mainkofen, Germany. For the course of the study, we rented a 
room in this hospital where we set up a number of tables and white- boards to 
simulate two different patient rooms, with two patients each. Participants took 
part in the experiment in be- tween their shifts, as we wanted nurses to be in the 
flow of their daily work activities. Instead of requiring patients to be present in 
the room during the study, we used dolls to serve as stand-ins for patients and toy 
equipment instead of medical equipment. Participants were asked to role-play 
their usual behaviors as professional nurses on these dolls using toy equipment. 

The use of dolls instead of real patients was necessary because of practical, ethi-
cal, and safety issues (as several patients at Mainkofen suffer from mild to severe 
cases of dementia and might get confused or anxious during the study). 

We used tables and whiteboards to simulate two different rooms. Figure 7 shows 
the layout of the left room, which consisted of two tables with a dolls on opposite 
sides, representing two patients in hospital beds (Figure 9.5(a)). During the initial 
formative study in Mainkofen, nurses reported that they usually wheel a cart with 
medical equipment from room to room. To simulate this situation, we collected all 
toy instruments on a chair in the middle of the room before each trial (Figure 
9.5(b)), providing nurses with easy access to the necessary equipment. The right 
room (which is partly visible on the right side of Figure 9.5) was set up in exactly 
the same way. The left and right rooms were separated by the whiteboard in the 
middle (representing a wall). 
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Figure 9.5. The setup of the rooms: two beds with patients (a table with a doll) on 
opposite sides of the room, and a cart with medical equipment (a chair with toy 
instruments) in the middle of the room. 

9.1.3.2 Participants and Design 

Initially, we recruited 10 nurses from the Geriatric Psychiatry ward at Mainkofen, 
which consists of 17 nurses in total (4 male, 13 female). However, 4 nurses 
dropped out of the study due to an incompatible shift work schedule, leaving us 
with 6 nurses in total. These 6 nurses (1 male, 5 female) participated in the study 
over the course of approximately a week, and performed the experiment in-
between their shifts. Participants ranged from 27 to 46 years old, with a mean age 
of 34. In a demographic survey that was conducted at the end of each session, all 
participants reported owning a mobile phone. They rated their experience with 
computers and mobile phones as average, ranging from 2 to 4 on a five-point Lik-
ert scale, with a mean expertise of 3 out of 5 (5 = expert, 1 = none). Five out of six 
participants owned simple cell phones, while one nurse used an iPhone. A com-
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plete study session lasted for approximately 2 hours and nurses were paid 50 eu-
ros for their participation. 

The study was set up as a 2 x 2 repeated measures within- subject design (Degree 
of co-location x Initiative). The independent variables were the Degree of co-
location with two levels (External and Embedded) and Initiative with also two lev-
els (System and User). As mentioned before, the Timing variable was mainly in-
vestigated by gathering participants’ opinions during the final interviews, and by 
randomly varying the duration of information during the trials. The factorial de-
sign produced 4 different trials per participant, one for each combination of the 
Degree of co-location and Initiative. 

During each trial, subjects performed 3 medical procedures on one of the 4 pa-
tients (represented by 4 dolls). Participants always moved between patients in the 
same order, but the 4 different conditions were assigned to patients in random 
order to minimize learning effects. Figure 9.6 gives an overview of the medical 
procedures subjects had to perform during the study. These 6 tasks were random-
ized over the 4 patients, but were kept stable between participants so that each 
participant had to perform the same tasks with a certain patient (albeit possibly 
with a different condition). 

 

Figure 9.6. The different medical procedures participants had to perform during 
the study and their allocation to the four different patients. 
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9.1.3.3 Procedure 

Before each session, the researchers prepared the handheld and wearable projec-
tor prototypes that would be used for investigating each of the four conditions. 
After obtaining informed consent and explaining the basic setup and goal of the 
study, participants were guided through a trial session with the External–System 
condition, to give them an idea of how the system worked. Participants were told 
that exceptions might occur during the trials, which would be indicated through a 
red circle around the medical equipment ID (see Figure 9.2(e)). We also told par-
ticipants that the system would in this case instruct them what to do in order to 
solve the problem. 

Participants would then start with the first trial. As mentioned before, subjects 
performed 3 medical procedures on one of the patients during each trial. A trial 
ended when all tasks had been successfully completed. After each trial, we asked 
participants to answer a questionnaire and conducted semi-structured interviews 
to obtain both quantitative and qualitative feedback. The questionnaire included 
general questions about the usability of the prototype, based on the IBM Comput-
er Usability Satisfaction Questionnaire (IBM CUSQ) and the NASA Task Load 
Index (NASA TLX). 

When a participant had completed all four trials, we gathered demographic data 
and conducted a final semi-structured interview in which we asked questions pri-
marily focused on comparing each of the four conditions. Additionally, a number of 
questions in the final interview were designed to elicit specific responses regard-
ing the timing dimension (e.g., “When would you prefer instructions to be 
shown?”). 

The entire study was video recorded and we also took digital photographs of par-
ticipants working with our prototypes and used a voice recorder to register all in-
terviews. The voice recordings were transcribed and photos and images inserted 
into the transcript. The results were collated and a variety of qualitative and 
quantitative analysis methods were used to understand the data. 
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Figure 9.7. Nurses from Mainkofen Hospital during Experiment 

9.2 Results 

9.2.1 Quantitative Results 

When we compare the scores for each of the different conditions over both the IBM 
CSUQ and NASA TLX questions in the post-trial interviews, External–System 
consistently scores highest (mean = 1.17, σ = 0.21) on a five-point Likert scale 
(IBM CSUQ: 1 = strongly agree, 5 = strongly disagree; NASA TLX: 1 = very low, 5 
= very high); followed by Embedded–System (mean = 1.77, σ = 2.00); External– 
User (mean = 1.95, σ = 0.59); and finally Embedded–User (mean = 2.14, σ = 0.57). 
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Mean results for each of the post-trial interview questions can be found in Figures 
9.8 and 9.9. Participants found the embedded prototype physically demanding 
(Figure 9.9) and uncomfortable (Figure 9.8), resulting in low scores for these re-
spective questions. This was mainly due to the specific form factor of the embed-
ded prototype and the fact that projection requires fairly low lighting conditions. 
The user-driven prototypes were also generally ranked worse by participants, and 
this mostly because it was cumbersome for participants to have to drive the inter-
action using voice input. 

At the end of the study, participants were asked to choose between Embedded ver-
sus External and User versus System respectively. Four out of six participants 
preferred External above Embedded. The same four also preferred System over 
User, indicating a divide between External–System (4 participants) and Embed-
ded–User (2 participants), with a general preference for External–System. To bet-
ter understand participants’ motivations for these scores and answer the three 
research questions, we now discuss the qualitative implications of the study. 

 

Figure 9.8. Results based on questions from the IBM Computer Usability Satisfac-
tion Questionnaire for all four conditions. 
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Figure 9.9. Results based on questions from the NASA Task Load Index for all four 
conditions. 

9.2.2 Qualitative Results 

The semi-structured interviews with the participants were transcribed and coded 
in the analysis software MAXQDA, after which they were analyzed and discussed 
by the researchers. The analysis of these interviews combined with the quantita-
tive findings revealed several interesting aspects regarding nurses’ preferences for 
each the three dimensions of the design space, qualitative assessments of the pro-
totype and the entire user experience. In what follows, we go over the qualitative 
results in the order of the three research questions. 

9.2.2.1 Allow nurses to switch to user-driven interaction at all times 

The second research question (Q2) dealt with which type of initiative (system-
driven versus user-driven interaction) users would prefer under which circum-
stances. To our surprise, the majority of participants (four out of six) preferred 
system-driven interaction (System) over user-driven interaction (User). Several 
nurses reported that they found system- driven interaction easier to use, as they 
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did not have to think too much about what to do next. During the semi-structured 
interviews, we asked participants whether there would be situations in which they 
would need to override the system. P3 argued it would be necessary to be able to 
skip certain medical procedures that they were assigned to perform to a patient, 
either to perform the tasks at a later time or skip them completely when they 
would have been rendered unnecessary. Even the participants who preferred sys-
tem-driven interaction, reported that there should always be a means for overrid-
ing the system. Moreover, several nurses stressed the importance of being able to 
cope with unexpected situations and emergencies, as interruptions often occur. P6 
mentioned she needs to call a doctor when she notices something unusual (e.g., out 
of the ordinary vital signs), and might be called away herself at any time to assist 
doctors or other nurses (e.g., when a patient gets aggressive). 

9.2.2.2 Allow users to determine the pace 

The nurses that preferred user-driven interaction (P1 and P5), both mentioned 
that they did so because they wanted to control the speed of moving between tasks 
themselves. System- driven interaction would sometimes be too slow or too fast for 
them. Two other nurses – who generally preferred system- driven interaction – 
also stressed the importance of being able to control the pace. The most experi-
enced participant (P1, aged 47) had a very strong preference for user-driven inter-
action, as he argued that he knew exactly what to do and wanted to proceed to the 
next task as quickly as possible. P1 was also the fastest in completing all four tri-
als. The pace at which nurses move through routines they have to perform de-
pends amongst others on their experience, age, the specific patient and situation 
(e.g., during emergencies they cannot afford to wait for the system). During one of 
the user-driven trials, P1 argued: “I like the fact that the system is fast, it follows 
my own pace.” For one of the system- driven trials, he said: “It was too slow, I had 
to wait too long. It is very important to me that the system works at my usual 
speed.” P2 reported waiting for confirmations slowed her down: “I know how to do 
a task, I don’t like having to wait for a confirmation. My pace is higher than that 
of the system.” We recommend to allow users to drive the interaction when they 
need to in order to provide the flexibility that is needed to cope with the broad 
range of diverse people and unexpected situations in hospitals. 
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9.2.2.3 The level of interaction required defines who drives the 
interaction 

As mentioned before, nurses generally liked the idea of having relevant tasks be 
displayed automatically in a system- driven way, when the system detected that 
the nurse was in the vicinity of a certain patient. The need to control the pace only 
came into play when there were multiple tasks to do. In this case, nurses wanted 
to have the means to mark a task as completed and move to the next one, if neces-
sary. We therefore argue that, when showing activity-centric information, the lev-
el of interaction required is a defining factor for deciding between user and system 
initiative. When there is no interaction required (e.g., a single task for a particular 
patient), we recommend system-driven interaction, as this will minimize the men-
tal load of the nurses. When nurses have to perform a multi-stage process (such as 
when there are several routines to be performed to a patient), we recommend to 
give the nurses the possibility to drive the interaction, as this would allow them to 
determine their own pace and accommodate for unexpected situations (e.g., when 
a patient’s blood pressure suddenly drops). 

9.2.2.4 Provide an unobtrusive way to give input to the system 

The main issue all participants reported with the user-driven interaction was the 
use of voice input. The user-driven prototype required participants to say the word 
“Next” to proceed to the next task. Our rationale for the voice input was the fact 
that participants could concentrate on the patient and have both hands free while 
moving between tasks. However, participants generally found the voice control 
awkward to use and impractical. P2 said: “Voice input wouldn’t work in a psychi-
atric department, as patients might get confused”. She further added: “When I’m 
talking to the device, I can’t talk to the patients.” P2, P5 and P6 felt unsure 
whether the system had correctly interpreted their voice commands. Moreover, P2 
and P6 felt they always had to wait for a confirmation before they could continue 
with the next task. P3 mentioned: “The voice control feature feels awkward, when 
I would say ‘Next’, the patient might think that I was talking to him.” P4 men-
tioned that older patients might get easily confused by this kind of system. She 
could also imagine that there might be problems with the recognition rate, as the 
ward is quite noisy. We asked participants whether they would prefer other means 
of controlling the system, such as a tactile area or button on their uniform. Partic-
ipants’ reactions were not very conclusive on the usefulness of tactile input. P2 
said: “Having to touch a button might not be practical due to hygienic reasons.” P4 
argued: “A button would be better than voice input, but I will still prefer the au-
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tomatic system.”. Finally, P6 argued that: “Tactile input would be better. I would 
rank tactile input as 1 out of 5, while I would give voice input a score of 3.” To con-
clude, voice input is clearly not suitable in hospital environments. Nurses need an 
unobtrusive way and practical way of providing input to the system. Further stud-
ies will be necessary however to decide what input mechanism would be best suit-
ed. 

9.2.2.5 Prefer self-reporting over activity recognition 

Since nurses perform several common routines on a daily basis, they are often bet-
ter placed to recognize when a task has been completed than the system. P1 men-
tioned that he just wanted to tell the system to check off an item from the pa-
tient’s list, and move on to the next task. Similar findings have been reported by 
Bardram et al. [10], where clinicians rejected all active context-aware technolo-
gies. Trained personnel such as nurses are much better placed to make accurate 
decisions about which procedure has been completed and which one is to be per-
formed next. Bellotti et al. [62] also argued that there are certain human aspects 
of context that systems will not be able to sense. We therefore argue that nurses 
should be able to report to the system which procedures have been performed, in-
stead of relying on automatic activity recognition, as the accuracy is probably too 
low and the cost of the system making mistakes will be too high to warrant a fully 
autonomous system. We do believe it would be useful for the system to make sug-
gestions, as participants generally reported that they liked the idea of having 
tasks be displayed when they approached patients. This is in line with a later 
study by Bardram [10], in which he argues that it makes more sense to link specif-
ic context events – such as the physician’s location in front of the patient’s bed, or 
the presence of specific objects such as a certain patient’s pill tray – to a relevant 
activity. 

9.2.2.6 Provide relevant information as soon as possible (even before 
activities are started) 

Our third research question (Q3) examined when participants would prefer to re-
ceive different types of information. During the final interview, we asked partici-
pants when they would like to receive the four different types of information: be-
fore, during and/or after performing a routine. To our surprise, for most infor-
mation types, participants reported they would like to receive the information as 
soon as possible (before). 
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All six participants reported that they would like to receive information about the 
Identity and Relationship information type before an activity has been started. For 
the Explanation information type, again all participants preferred receiving this 
information before performing a routine. Additionally, three participants reported 
it would also be useful to receive explanations during activities, and one partici-
pant also thought it would be useful to receive an overview of any exceptions that 
had occurred after an activity had been performed. Four out of six participants 
indicated that exceptions and emergencies should be reported “as soon as possi-
ble”. 

Results were less conclusive about the Instructions information type. Although all 
six participants indicated that they would like to receive instructions during a 
routine, three out of six indicated that they would like to receive instructions at all 
times. The three remaining participants each proposed different times to show 
instructions: before and during, before and during respectively. 

Considering Confirmations, all participants agreed that the final confirmation 
that indicates that all tasks for a specific patients have been performed is essen-
tial. However, half of the participants thought in-between confirmations (after 
each task) were useful, while the other half only preferred the final confirmations. 

In conclusion, participants reported that all information types except confirma-
tions, should be presented before starting a routine. Participants especially 
stressed that exceptions should be reported as soon as possible. Designers would 
thus benefit from allowing all information to be shown as soon as possible, even 
before nurses have started an activity. 

9.2.2.7 Task overviews and completion confirmations are key 
information 

Participants were extremely positive about being shown an overview of tasks that 
had to be performed when they approached a certain patient. Nurses have to doc-
ument their activities on a PC, and usually have to do so after the facts, during a 
quiet moment. All participants felt it would be great to have a system available 
that automatically logs the routines that they perform. P5 stated: “Having the 
system automatically document my actions would be great, it saves time.” P2 
called the idea “Super! It’s nice to see that people are trying to ease the job of 
nurses. But the system should help us, and not draw our attention away from the 
patients.” P4 said: “It is nice to know what to do. It lightens our work significantly. 
It is nice to know you won’t forget something when you’re with a patient.” Finally, 
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P2 and P4 both mentioned they would have more time for their patients with this 
kind of system. 

Additionally, participants especially appreciated the end confirmations (Figure 
9.2(d)), while results were less conclusive about the individual task confirmations 
(Figure 9.2(c)). Some participants even found the task confirmations annoying. P2 
said: “Confirmations in-between are confusing”. 

9.3 Discussion 

The results of the study indicate that nurses generally preferred the External–
System condition. Their preference for system-driven interaction versus user-
driven interaction was stronger than the preference for external displays versus 
embedded displays, mainly due to the inappropriateness of voice interaction in 
hospital environments. While nurses generally indicated a preference for the 
handheld prototype, we noticed during the interviews that being able to keep both 
hands free is a key requirement for this kind of system. This was also evident be-
cause many participants actually placed the handheld device on the table, thereby 
showing the need for a hands-free condition. The results of the study indicate that 
deploying wearable systems and relying on projection in hospital environments 
brings about several issues. We therefore argue for attachable, mobile displays, 
which nurses can carry around and attach to a surface when approaching a pa-
tient, to enjoy the benefits of a hands-free environment without the limitations of 
wearable systems or projected imagery. 

Even though generally preferring system-driven interaction, participants also in-
dicated that they needed a certain level of 

control and flexibility, suggesting that it is still necessary for this kind of system 
to provide end-user control. Results indicate that a dynamic level of autonomy 
might be most appropriate, as several participants reported this as being “ideal”. 
Systems in healthcare situations should strike a delicate balance between having 
control over the system and providing ease of use by having the system automati-
cally perform actions on behalf of the user. We suggest it would be best to allow 
nurses to intervene and take control at all times. 

Finally, the study suggested that nurses prefer to gather information as soon as 
possible, to be well prepared and maximize their efficiency. More specifically, task 
overviews and confirmations that all tasks have been performed for a specific pa-
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tient are considered essential information. Participants were also very positive 
about the benefits of automatically documenting their actions, which is currently a 
tedious task, which they have to perform after the facts. 

In summary, we can generalize the results of the study into the following guide-
lines: 

1. Allow nurses to switch to user-driven interaction at all times:  

•  Allow users to determine the pace.  

•  The level of interaction required defines who drives  the interaction.  

•  Provide an unobtrusive way to give input to the system.  

2. Provide relevant information as soon as possible (even before activities are 
started).  

3. Task overviews and completion confirmations are key information for 
nurses.  W hile w e believe         

future pervasive healthcare systems, we do not consider this list to be com-
plete. Nevertheless, we expect that studies conducted in other hospital 
wards will yield similar results in comparable circumstances. In the future, 
we hope to investigate whether our findings also hold true for other de-
manding work environments, such as biomedical laboratories or industrial 
plants.  
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Chapter 10  
Conclusion 

Situated glyphs are an innovative design approach for presenting in-situ infor-
mation to support complex, dynamic and spatially distributed human activities. 
This novel approach supports the interaction requirements of pervasive adaptable 
flows and provides for a systematic way of mapping flow activities onto a physical 
work environment.  

This report laid out the motivation for the situated action approach and defined an 
interaction framework as theoretical foundation of glyph-based user interfaces. 
We presented the design and implementation of an adaptable micro-display net-
work system and explored how glyph-based interfaces are generated from flows 
and adapted in concert with flows. A user study aimed at exploring the users’ ex-
periences of spatially distributed situated glyphs provides insights into the effect 
of the distribution granularity on user performance and attitudes towards the 
technology. Our work provides evidence for the effectiveness and the advantages 
of large numbers of situated glyphs distributed in the environment. We conclude 
that the use of glyphs to support localized, spatially distributed tasks as part of an 
overarching goal-directed set of activities has a positive impact on user perfor-
mance. 



D6.3  

2011-08-15 94 

References  

 [1] N. Jafarinaimi, J. Forlizzi, A. Hurst, and J. Zimmerman, “Breakaway: an 
ambient display designed to change human behavior,” in CHI 05 CHI 05 ex-
tended abstracts on Human factors in computing systems, 2005, pp. 1945-
1948. 

[2] J. Forlizzi, I. Li, and A. Dey, “Ambient Interfaces that Motivate Changes in 
Human Behavior,” Information Systems Journal, vol. 254, pp. 4-6, 2007. 

[3] C. Ware, Information Visualization: Perception for Design. Morgan Kauf-
mann, 2004, p. 486. 

[4] D. Wilmsmann, J. Exeler, M. Buzeck, A. Schmidt, T. Jay, and A. Kruger, 
“Display Blindness: The Effect of Expectations on Attention towards Digital 
Signage,” Pervasive Computing, pp. 1-8, 2009. 

[5] W. Ju, B. A. Lee, and S. R. Klemmer, “Range: Exploring Implicit Interaction 
through Electronic Whiteboard Design,” Framework, no. CSTR 2006-12 
09/29/06, pp. 17-26, 2008. 

[6] M. Eppler and J. Mengis, “The Concept of Information Overload: A Review 
of Literature from Organization Science, Accounting, Marketing, MIS, and 
Related Disciplines,” The Information Society, vol. 20, no. 5, pp. 325-344, 
2004. 

[7] J. R. Lewis, “IBM computer usability satisfaction questionnaires: Psycho-
metric evaluation and instructions for use,” International Journal of Hu-
man-Computer Interaction, vol. 7, no. 1, pp. 57-78, 1995. 

[8] S. Hart and L. E. Staveland, “Development of NASA-TLX (Task Load In-
dex): Results of experimental and theoretical research,” Human Mental 
Workload, pp. 139-183, 1988. 

[9] S. G. Hart, “NASA-Task Load Index ( NASA-TLX ); 20 Years Later,” Human 
Factors and Ergonomics Society Annual Meeting Proceedings, vol. 50, no. 9, 
pp. 904-908, 2006. 

[10] J. Bardram, T. Hansen, M. Mogensen, and M. Soegaard, “Experiences from 
Real-World Deployment of Context-Aware Technologies in a Hospital,” in 
8th International Conference on Ubiquitous Computing UbiComp, 2006, pp. 
369-386. 



D6.3  

2011-08-15 95 

[11] T. R. Hansen, J. E. Bardram, and M. Soegaard, “Moving Out of the Lab: 
Deploying Pervasive Technologies in a Hospital,” Ieee Pervasive Computing, 
vol. 5, no. 3, pp. 24-31, 2006. 

[12] J. Favela, M. Rodríguez, A. Preciado, and V. M. González, “Integrating con-
text-aware public displays into a mobile hospital information system.,” 
IEEE transactions on information technology in biomedicine a publication of 
the IEEE Engineering in Medicine and Biology Society, vol. 8, no. 3, pp. 279-
286, 2004. 

[13] J. Favela, M. Tentori, L. A. Castro, V. M. Gonzalez, E. B. Moran, and A. I. 
Martínez-García, “Activity Recognition for Context-aware Hospital Applica-
tions: Issues and Opportunities for the Deployment of Pervasive Networks,” 
Mobile Networks and Applications, vol. 12, no. 2-3, pp. 155-171, 2007. 

[14] J. Favela, M. Rodriguez, A. Preciado, and V. M. Gonzalez, “Integrating con-
text-aware public displays into a mobile hospital information system,” Ieee 
Transactions On Information Technology In Biomedicine, vol. 8, no. 3, pp. 
279-286, 2004. 

[15] J. Kjeldskov and M. B. Skov, “Exploring context-awareness for ubiquitous 
computing in the healthcare domain,” Personal and Ubiquitous Computing, 
vol. 11, no. 7, pp. 549-562, 2006. 

[16] L. Dong, J. Wu, and X. Chen, “A Body Activity Tracking System using 
Wearable Accelerometers,” in IEEE International Conference on Multimedia 
and Expo, 2007, pp. 1011-1014. 

[17] T. Stiefmeier, D. Roggen, G. Ogris, P. Lukowicz, and G. Tröster, “Wearable 
Activity Tracking in Car Manufacturing,” Ieee Pervasive Computing, vol. 7, 
no. 2, pp. 42-50, 2008. 

[18] K. Kunze, F. Wagner, E. Kartal, E. M. Kluge, and P. Lukowicz, “Does Con-
text Matter ? - A Quantitative Evaluation in a Real World Maintenance 
Scenario,” Context, pp. 372-389, 2009. 

[19] J. E. Bardram, “Plans as situated action: An activity theory approach to 
workflow systems,” in Proceedings of the fifth conference on European Con-
ference on Computer Supported Cooperative Work, 1997, vol. 97, pp. 17-32. 

[20] L. A. Suchman, Plans and Situated Action. Cambridge University Press, 
1987. 

[21] D. A. Norman, The Design of Everyday Things. MIT Press, 1998. 



D6.3  

2011-08-15 96 

[22] P. Agre and D. Chapman, “Pengi: an implementation of a theory of activity,” 
in Sixth National Conference on Artificial Intelligence (AAAI-87), 1987, pp. 
268 - 272. 

[23] A. Agrawal et al., Web Services Human Task (WS-HumanTask), Version 1.0, 
no. June. 2007. 

[24] N. Russell and W. M. P. V. D. Aalst, “Work Distribution and Resource Man-
agement in BPEL4People: Capabilities and Opportunities,” Management, 
vol. 5074, pp. 94-108, 2008. 

[25] M. Kloppmann et al., “WS-BPEL Extension for People,” Business, no. July, 
pp. 1-18, 2005. 

[26] T. Holmes, H. Tran, U. Zdun, and S. Dustdar, “Modeling Human Aspects of 
Business Processes – A View-Based , Model-Driven Approach,” in Business, 
2008, vol. 5095, pp. 246-261. 

[27] I. Schieferdecker, A. Hartman, T. Holmes, H. Tran, U. Zdun, and S. Dust-
dar, Model Driven Architecture – Foundations and Applications, vol. 5095. 
Berlin, Heidelberg: Springer Berlin Heidelberg, 2008, pp. 246-261-261. 

[28] F. Leymann, “Workflow-Based Coordination and Cooperation in a Service 
World,” in On the Move to Meaningful Internet Systems 2006: CoopIS, DOA, 
GADA, and ODBASE, vol. 4275, R. Meersman and Z. Tari, Eds. Berlin, 
Heidelberg: Springer Berlin Heidelberg, 2006, pp. 2-16. 

[29] U. Lehmann and T. Kopfer, “Workflow-Management-Success through Coor-
dination and Communication,” Electromedica, vol. 69, no. 2, pp. 89–90, 
2001. 

[30] W. M. P. van der Aalst, M. Weske, and G. Wirtz, “Advanced topics in work-
flow management: Issues, requirements, and solutions,” Journal of Inte-
grated Design & Process Science, vol. 7, no. 3, pp. 49–77, 2003. 

[31] R. Johnston and S. Milton, “The Foundation Role for Theories of Agency in 
Understanding Information Systems Design,” Australasian Journal of In-
formation Systems, vol. 10, no. 1, 2002. 

[32] R. Johnston and S. Milton, “The Significance of Intentionality for the Onto-
logical Evaluation of Information Systems,” in AMCIS 2001 Proceedings, 
2001. 

[33] R. Lederman and R. B. Johnston, “Decision support or support for situated 
choice: lessons for system design from effective manual systems,” European 
Journal of Information Systems, vol. 20, no. 5, pp. 510-528, Apr. 2011. 



D6.3  

2011-08-15 97 

[34] P. E. Agre, Computation and Human Experience (Learning in Doing: Social, 
Cognitive and Computational Perspectives). Cambridge University Press, 
1997. 

[35] L. Suchman, “Plans and situated actions: The problem of human machine 
communication, Cambridge,” Cambridge University Press, 1987. 

[36] B. Altakrouri, G. Kortuem, A. Grünerbl, K. Kunze, and P. Lukowicz, “The 
Benefit of Activity Recognition for Mobile Phone Based Nursing Documen-
tation : A Wizard-of-Oz Study,” in International Symposium on Wearable 
Computers (ISWC), 2010, pp. 1-4. 

[37] C. P. Bichlmeier, “Immersive, Interactive and Contextual In-Situ Visualiza-
tion for Medical Applications,” Technische Universität München (TUM), 
Chair for Computer Aided Medical Procedures, 2010. 

[38] J. Favela, M. Tentori, D. Segura, and G. Berzunza, “Adaptive awareness of 
hospital patient information through multiple sentient displays,” Interna-
tional Journal of Ambient Computing and Intelligence, vol. 1, no. 1, pp. 27–
38, 2009. 

[39] S. Rosenthal, S. K. Kane, J. O. Wobbrock, and D. Avrahami, “Augmenting 
On-Screen Instructions with Micro-Projected Guides : When it Works , and 
When it Fails,” Compare A Journal Of Comparative Education, 2010. 

[40] T. Pederson, “Framing the Next-Generation ‘ Desktop ’ using Proximity and 
Human Perception,” Informatica, pp. 1-4, 2007. 

[41] T. Pederson, R. Lanzilotti, and F. Montinaro, “Thinking out of the box – us-
er experience as viewed from an egocentric interaction perspective,” in ACM 
NordiCHI 2006 / COST Action 294: MAUSE Workshop on User Experience 
– Towards a unified view, 2006, pp. 45-49. 

[42] E. Hutchins, Cognition in the wild. MIT Press, 1995. 

[43] R. B. Johnston, V. Waller, and S. K. Milton, “Situated information systems 
for supporting routine activity in organisations,” Int. J. Bus. Inf. Syst., vol. 
1, no. 1/2, pp. 53-82, 2005. 

[44] V. Waller, “Information systems ‘in the wild’: supporting activity in the 
world,” Behaviour & Information Technology, vol. 28, no. 6, pp. 577-588, 
Nov. 2009. 

[45] T. Pederson et al., “Setting the Stage for Mobile Mixed-Reality Computing – 
– A Situative Space Model based on Human Perception,” Computing, 2010. 



D6.3  

2011-08-15 98 

[46] A. Dix, “Closing the Loop : Modelling action , perception and information,” 
in AVI’96 - Advanced Visual Interfaces, 1997, pp. 20-28. 

[47] V. Waller and R. B. Johnston, “Making ubiquitous computing available,” 
Communications of the ACM, vol. 52, no. 10, p. 127, 2009. 

[48] G. Kortuem et al., “Sensor Networks or Smart Artifacts? An Exploration of 
Organizational Issues of an Industrial Health and Safety Monitoring Sys-
tem,” in UbiComp 2007: Ubiquitous Computing, 2007, vol. 4717, pp. 465-
482. 

[49] T. Andrews, F. Curbera, Y. Goland, and D. Roller, Business Process Execu-
tion Language for Web Services, Business, no. May. pp. 1-136, 2003. 

[50] B. Barnes, “Practice as collective action,” in The Practice Turn in Contempo-
rary Theory, T. R. Schatzki, K. K. Cetina, and E. Von Savigny, Eds. 
Routledge, 2001, pp. 17-28. 

[51] T. Sielhorst, M. Feuerstein, and N. Navab, “Advanced Medical Displays: A 
Literature Review of Augmented Reality,” Journal of Display Technology, 
vol. 4, no. 4, pp. 451-467, Dec. 2008. 

[52] Y. G. Rajwan and G. R. Kim, “Medical information visualization conceptual 
model for patient-physician health communication,” in Proceedings of the 
1st ACM International Health Informatics Symposium, 2010, pp. 512–516. 

[53] T. Ropinski, S. Oeltze, and B. Preim, “Survey of glyph-based visualization 
techniques for spatial multivariate medical data,” Computers & Graphics, 
vol. 35, no. 2, pp. 392-401, 2011. 

[54] Y. B. Salman, H. I. Cheng, J. Y. Kim, and P. E. Patterson, “Medical Infor-
mation System With Iconic User Interfaces,” International Journal of Digi-
tal Content Technology and its Applications, vol. 4, no. 1, pp. 137–148, 2010. 

 [55] M. Zender and K. A. Crutcher, “Collaborative Design Research: The Visuali-
zation of Medical Concepts,” in Proceedings of the International association 
of societies of design research, 2007, pp. 1-24. 

[56] J.B. Lamy, C. Duclos, A. Bar-Hen, P. Ouvrard, and A. Venot, “An iconic lan-
guage for the graphical representation of medical concepts,” BMC Medical 
Informatics and Decision Making, vol. 8, no. 1, p. 16, 2008. 

 [57] Z. Pousman and J. Stasko, “A Taxonomy of Ambient Information Systems : 
Four Patterns of Design,” Information Systems Journal, pp. 67-74, 2006. 



D6.3  

2011-08-15 99 

[58]  M. Zender, J. Pestian, and T. Glauser, “Visual Language System for Repre-
senting Medical Concepts,” Special issue of Information Design Journal on 
Healthcare Information, vol. 18, no. 3, pp. 184-197, 2010. 

[59]  ALLOW Consortium. Deliverable D 3.2: Declarative language for goals, con-
straints, adaptation and evolution.  

[60]  ALLOW Consortium. Deliverable D8.1: Specification of Demonstrator and 
Architecture (Phase 1), February 2009. 

[61]  ALLOW Consortium. Deliverable D8.2: The First Allow Demonstrator, Oc-
tober 2009. 

[62] V. Bellotti and W. K. Edwards. “Intelligibility and accountability: human 
considerations in context-aware systems”. Hum.-Comput. Interact., 
16(2):193–212, 2001. 

[63] Unger, Tobias; Eberle, Hanna; Leymann, Frank; Wagner, Sebastian: “An 
Event-model for Constraint-based Person-centric Flows”. In: Proceedings of 
the 2010 International Conference on Progress in Informatics and Compu-
ting (PIC-2010). 

[64] Unger, Tobias; Eberle, Hanna; Leymann, Frank: “Research challenges on 
person-centric flows”. In: Gierds, Christian (Hrsg); Sürmeli, Jan (Hrsg): 
Proceedings of the 2nd Central-European Workshop on Services and their 
Composition, ZEUS 2010, Berlin, Germany, February 25--26, 2010. 

[65] Unger, Tobias; Roller, Dieter: “Applying Processes for User-driven Refine-
ment of People Activities”. In: Proceedings of the 14th IEEE International 
EDOC Conference (EDOC 2010). 

[66] Klaus Herrmann, Kurt Rothermel, Gerd Kortuem, and Naranker Dulay. 
Adaptable pervasive flows - an emerging technology for pervasive adapta-
tion. In SASO Workshops, pages 108–113, 2008.  

[67] D3.1: Basic flow model and language for Adaptable Pervasive Flows. AL-
LOW Project Deliverable, November 2008.  

[68]  D5.1: Theory and mechanisms for horizontal flow adaptation by built-in 
context-awareness. ALLOW Project Deliverable, November 2008.  

[69]  D6.1: Flow-based User Interface Framework. ALLOW Project Deliverable, 
December 2008. 

[70]  D6.2: User interface platform version 1. ALLOW Project Deliverable, Sep-
tember 2009.  



D6.3  

2011-08-15 100 

[71]  D5.3b: Revised theory and mechanisms for vertical flow adaptation by on-
demand flow creation, for horizontal flow adaptation by context-aware re-
planning, for flow evolution, and for overall adaptation. ALLOW Delivera-
ble, 2011.  

[72] D5.4: Theory and Mechanisms for User Interface Evolution. ALLOW Deliv-
erable, 2011. 

 

 

 

 

 

 

 

 

 


	Copyright
	Document History
	Executive Summary
	Table of Contents
	Table of Figures
	Chapter 1 Introduction
	Chapter 2 From Tasks to Situated Action
	Chapter 3 Situated Flows for Situated Action 
	Chapter 4 Interaction Framework for Situated Flows 
	4.1 Background
	4.2 Interaction Framework
	4.3 Related ALLOW Concepts

	Chapter 5 Situated Glyphs: Interface Design for Situated Flows 
	5.1 Background 
	5.2 Situated Glyphs
	5.3 Design Space
	5.3.1 Content or Information Affinity
	5.3.2 Modality
	5.3.3 Visual Representation
	5.3.4 Spatial Placement and Distribution
	5.3.5 Temporal Placement and Distribution

	5.4 Example

	Chapter 6 Micro-Display Networks for Situated Glyphs 
	6.1 Display Addressing Scheme
	6.2 Dispersed Display Space
	6.3 Display Device Implementations 

	Chapter 7 Interface Generation, Adaptation & Evolution 
	7.1 Interface Adaptation 
	7.1.1 A Heuristic Approach to Interface Adaptation
	7.1.2 Mapping Algorithms
	7.1.2.1 Activity-Centric Mapping Algorithm
	7.1.2.2 Entity-Centric Mapping Algorithm

	7.1.3 Visualization Algorithm
	7.1.4 Interface Adaptation Triggers
	7.1.5 Interface Adaptation Process
	7.1.6 Interface Adaptation Architecture

	7.2 Evolution

	Chapter 8 Experimental Exploration of Spatial Glyph Distribution 
	8.1 Study Design
	8.1.1 Objectives
	8.1.2 Participants
	8.1.3 Study Task
	8.1.4 Study Procedure: Spatial Distribution as Dependent Variable
	8.1.5 Method

	8.2 Results
	8.2.1 Quantitative Comparisons
	8.2.1.1 Completion Time and Errors
	8.2.1.2 Iteration Steps and Simultaneous Tasks
	8.2.1.3 Context Switches

	8.2.2 Qualitative Comparisons
	8.2.2.1 Subjective Feedback: Mental Task Load and Information Utility
	8.2.2.2 Subjective Feedback: Attention Fragmentation and Information Overload
	8.2.2.3 Use of Space and Physical Movement Patterns


	8.3 Implications

	Chapter 9 Experimental Exploration of Glyph Timing and Control 
	9.1 Study Design
	9.1.1 Objectives and Motivation
	9.1.2 System Description
	9.1.2.1 Glyphs
	9.1.2.2 Degree of Co-location: Hardware Prototypes
	9.1.2.3 Initiative: Voice Control versus Automatic Context Recognition
	9.1.2.4 Timing: Varying the Duration

	9.1.3 Methodology
	9.1.3.1 Room Setup
	9.1.3.2 Participants and Design
	9.1.3.3 Procedure


	9.2 Results
	9.2.1 Quantitative Results
	9.2.2 Qualitative Results
	9.2.2.1 Allow nurses to switch to user-driven interaction at all times
	9.2.2.2 Allow users to determine the pace
	9.2.2.3 The level of interaction required defines who drives the interaction
	9.2.2.4 Provide an unobtrusive way to give input to the system
	9.2.2.5 Prefer self-reporting over activity recognition
	9.2.2.6 Provide relevant information as soon as possible (even before activities are started)
	9.2.2.7 Task overviews and completion confirmations are key information


	9.3 Discussion

	Chapter 10 Conclusion
	References 

