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Abstract. Typically mobile and ubiquitous software applications provide ser-
vices to mobile workers to help them increase their performance, effectiveness 
and eventually the satisfaction while doing their jobs. These services are direct-
ly related to the characterization of the activities to be supported. Based on such 
a characterization the designers of these solutions can envision the services that 
should be provided by the new system. Few guidelines are available to charac-
terize mobile activities from an IT support point of view, therefore the designers 
have to guess the services to be embedded in these solutions. This paper pro-
vides a first step to address such a problem, identifying the context variables 
that characterize the mobile activities. Moreover, an ontology of activity cha-
racteristics and some design guidelines are provided to determine which  
supporting services can be used to address activities according to their characte-
ristics. This proposal was conceived based on the empirical observation of the 
work performed by the medical personnel at an emergency room of a public 
hospital. Further analysis is required to generalize this proposal, in order to  
address mobile work in other scenarios. 
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1 Introduction  

Advances in mobile technology and wireless communication have opened a space for 
the development of new computing paradigms, such as mobile and ubiquitous compu-
ting. These paradigms consider a user that is on the move carrying a computing de-
vice (e.g. smartphone) as support of his/her activities.  

Software applications involved in these computing paradigms typically adapt their 
services and user interfaces according to users’ current context. Such a context could 
consider, e.g., the level of noise and light in the work environment, the availability of 
Internet access, and the type of mobility and position of the user. Due the user is on 
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the move when interacts with these systems, his/her current work context changes 
accordingly. Therefore the adaptation of services and user interfaces must be done by 
the applications during runtime. This means that these systems must also sense or 
infer the users’ current context in order to detect changes and trigger accordingly the 
new adaptations to the services or user interfaces. This service adaptation affects the 
performance, effectiveness and satisfaction of mobile workers. Typically, more suita-
ble services and user interfaces allow mobile workers to improve their performance, 
effectiveness and satisfaction; therefore this is a goal that follows most designers of 
mobile and ubiquitous applications. 

Although researchers of this area and also the industry have done important efforts 
to determine the context variables are useful to characterize mobile activities, and also 
to relate software services to activities according to their characteristics, the problem 
is still open. Therefore, the designers of these solutions depend on their own expertise 
to determine the supporting services to be embedded in the new system. The system is 
usually discarded by the user if the services identified by the designer are not suitable 
to support the activity.  

This lack of visibility that the designers have about the services to be embedded in 
mobile and ubiquitous solutions is common in the development of collaborative sys-
tems, and this problem is known as the iceberg effect [1]. However, such a problem 
can be successfully addressed using appropriate design guidelines. 

In order to help address the problem, this article reports the results of a user study 
in which we use used mobile structured observations to shadow mobile workers 
(mainly physicians, nurses and medical interns) during their regular activities at an 
emergency room (ER) of a public hospital. The interaction among mobile workers 
and also between them and the information supporting the tasks, were particularly 
observed and recorded. The study involved four sessions of direct observation at the 
ER. Each session lasted three hours and involved two observers. Various informal 
meetings and two focus groups were performed with the health professionals partici-
pating in the study, in order to analyze, discuss and clarify the information obtained 
from these observations.  

The analysis of this information allowed us to determine an initial set of context 
variables that characterize these activities and influence the mobile workers’ perfor-
mance, effectiveness and satisfaction while doing these tasks. Although the study 
results only consider the mobile activities in an emergency room, the proposed cha-
racterization could also be applicable to other dynamic work processes, like construc-
tion inspections, search-and-rescues or emergency responses.  

This characterization also helps analyze the interaction support required by mobile 
workers to perform their activities and collaborate among them. Thus, designers can 
determine in a more informed way, which are the supporting services that can be re-
quired by the new system. Examples of these services are awareness mechanisms, 
notifications, and capturers of the user attention. The article also presents some design 
guidelines showing how to identify the services required to support mobile activities, 
according to the characteristics of the work to be done.  

Next section presents the related work. Section 3 describes the user study per-
formed in the ER. Based on the study results, Section 4 presents an initial set of con-
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text variables that characterize the mobile activities, the values that these variables 
can assume, a preliminary ontology of activity characteristics, and also some design 
guidelines indicating how the proposed ontology can used to determine the supporting 
services required by a mobile or ubiquitous application. Section 5 presents the conclu-
sions and the future work. 

2 Related Work 

There is no consensus about the meaning of context in context-aware computing [2]. 
This is because the variables describing the work context depend on each particular 
problem or task to be addressed. This situation has promoted the development of sev-
eral research lines in context-aware computing and also particular definitions for each 
of them. In case of HCI, during the late nineties Rodden et al. [3] stated that the use of 
context allows determining more accurately the information and services that must be 
put available to the users, and thus it is possible to improve the human-computer inte-
raction. Several applications adopted such an approach, for example the mobile  
geographic information system proposed by Abowd et al. [4], which provides contex-
tualized information to the users depending on their current location. There is also a 
long list of location-aware mobile and ubiquitous systems that self-adapt their users 
interfaces, e.g. to support tourism, entertainment, healthcare and recently social appli-
cations [5, 6, 7, 8].  

The user location seems to be one of the context variables most used by mobile ap-
plications to adapt the services to mobile users during runtime. A recent study per-
formed by Herskovic et al. [9] on mobile users presence awareness, which involved 
engineering students, indicates that users location and status are highly useful context 
variables according to these users. In a posterior and more general study, which also 
involved a literature extensive review, these researchers identified a more important 
set of context variables that affects the collaborative activities [10]. Based on that, 
they proposed a method to determine the suitability of the awareness services support-
ing mobile activities according to their features (i.e. according to the values of the 
context variables describing the mobile activity).  

Romero and Calvillo-Gámez [11] conceptualize the optimal user experience (or 
flow) in movement-based interaction while perform mobile activities, and they high-
light the relevance of four key components: effortless attention, the context where 
interaction takes place, the alignment between the task being supported and the appli-
cation, and the body and its role in the interaction with the system. In the same direc-
tion (i.e. user’s experience) Duarte and Carriço [12] investigated the reactions and 
behavior of users exposed to certain awareness mechanisms in videogames using 
mobile devices. That study shows that the awareness information given to a user 
could promote stress and anxiety, or it can support the task; therefore choosing the 
right awareness mechanism to deliver the information seems to be mandatory. 

The context information is also used by applications that provide ambient intelli-
gence. In these computing paradigms the use of the context variables becomes richer 
and mandatory. For example the Portable Help Desk proposed by Garlan et al. [13] 
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provides spatial and temporal awareness information (e.g. the nearest printer, cafeteria 
or resource) to users of handheld devices. This software has an audio and a graphical 
interface, and the use of a particular interface will depend on the user’s current mobil-
ity. Sukthankar [14] proposes also a context-aware application that uses multiple pro-
jectors to simultaneously illuminate an ambient and provide information to users. 
Depending on the user position and orientation, these projectors deliver the informa-
tion through the most appropriate projector.  

While Breiner et al. [15] propose a model-based framework for generating context-
aware user interfaces for ambient intelligence systems. The proposal provides guide-
lines for creating new models and mechanisms for adapting the user interface during 
runtime according to changing user needs. Although the framework is interesting, it 
considers the users characteristics as the only context dimension to adapt the system 
interfaces.  

Concerning the analysis of the activity features to determine possible services to be 
required in mobile and ubiquitous applications, Guerrero et al. [16] characterize the 
activities also considering the environment in which they are performed. That charac-
terization only considers three dimensions: comfort of the work place, mobility level 
of the user, and level of data input that is required by the activity. Based on it, the 
authors recommend suitable devices to be used as support of that mobile activity. 

In the same reasoning line, Alarcon et al. [17] proposes a framework of contextual 
elements to be considered during the conception, analysis and design of mobile colla-
borative applications. That framework helps designers to identify non-functional and 
also some functional requirements of these systems, according the context of the ac-
tivity to be supported. Tentori and Favela [18] propose a set of coarse-grained activi-
ties (monitored, distributed and dynamic activities) that nurses regularly perform as 
part of their hospital work. However, this characterization is too general, and it does 
not allow us to identify the services required by the applications supporting these 
activities.  

Although these proposals are useful, they are not particularly suitable to address 
the problem stated in section 1. Therefore, the designers of mobile and ubiquitous 
applications will be exposed to the iceberg effect [1] every time that they try to de-
termine the supporting services to be embedded in their solutions.  Next section de-
scribes the user study that helped us to find the context variables characterizing the 
mobile activities and find the services required to support them. 

3 The User Study 

This user study was done in an emergency room (ER) at a public hospital in Santiago, 
Chile. Such an area was composed of a large space with “pods” for patient treatment, 
and a small area for patient registration. That area was covered by a Wi-Fi network 
with access to Internet. Next we describe the study area, the regular activities per-
formed in such an area, and the type of monitoring done to the mobile workers partic-
ipating in the study. 
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3.1 Setting of the Study Area 

The emergency room was an area of 20 meters by 11 meters approximately composed 
of small pods for basic healthcare attention. Figure 1 presents a diagram that shows 
the space distribution. These pods (26 in total) were isolated by curtains. One of them 
was used as control room, in which a nurse updates the patients records annotating the 
main treatments and health procedures indicated for these people. That nurse also 
recorded the time at which the patient gets in and out the ER. 

 

  

Fig. 1. Space distribution at the emergency room 

One emergency physician, two physicians (usually surgeons and internists), four 
nurses and three medical interns were part of the permanent staff assigned to such an 
ER. Depending on the activity in that place and the patients’ health conditions, addi-
tional medical personnel from the hospital can also support the emergency room ac-
tivities. In this study we observed and interview only people of the permanent staff, 
particularly two physicians, three nurses and two medical interns. 

3.2 Activities and Roles at the Emergency Room 

People working in an emergency room represent a team, which goal is “to stabilize 
the patient's condition by treating the acute problem and discharging the patient” 
[19]. In such a team there are several roles; for instance emergency physicians, intern-
ists, medical interns, nurses and paramedics. According to the role that each person 
can play and the current needs at the ER, activities are assigned to them.  

An activity involves one or more tasks, which can be performed in sequence, paral-
lel or mix of them. Example of these activities can be the process to medicate the 
patients (by the nurse) according to the indications of a physician, or the diagnosis 
performed by an internist every time that a new patient arrives to the ER. Usually, 
these team members perform more than one simultaneous activity during a work shift. 

The work in an ER is highly dynamic and bit chaotic. However, the activities are 
coordinated and monitored by an emergency physician, who usually has an important 
experience managing ERs. The information being shared among the medical person-
nel is handwritten on a paper record that is kept in the pod of the patient. If the patient 
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is moved from one pod to other, the paper record is also moved with the patient. Typ-
ically, the results of a patient’s health studies (e.g. X-Rays) are carried by hospital 
personnel to the attention pod of the patient. Then, when the professional monitoring 
the patient arrives to the pod, he reviews the studies’ results and decides the next ac-
tions depending on his/her role. For instance, an emergency physician can keep,  
adjust or change the treatment; however a medical intern or a nurse must contact the 
emergency physician to know how to proceed.  

Periodically the emergency physician in charge of the ER makes a diagnosis of the 
current situation to determine if the activities are under control, extra support is  
required or changes in the activities assignment must be done. As we can see from 
this brief description, the work in the ER involves an ample variety of activity types, 
which allows us to identify a rich set of context variables that characterize them.  

3.3 Monitoring Process 

The activities performed by the medical personnel were observed once a week, in 
sessions of three hours. Four sessions were involved in this study. Two observers 
participated in the process; each of them followed the activities of one professional 
during the observation period. After each session, the observers (who were knowled-
geable on mobile work) analyzed individually the collected information, and then 
discussed their eventual findings and conclusions. Such information was then checked 
with the health professionals that were observed, whom eventually had to explain the 
meaning of their actions or behavior in order to help us understand the situation.  

After the four sessions, we performed two focus groups with the participants to  
validate the initial findings and determine the eventual suitability of mobile and ubi-
quitous computing services as support of their work. Next section describes how such 
information was processed to obtain the characteristics of the mobile activities. 

4 Characterization of Mobile Activities 

The process to identify the context variables that affect the mobile work in an emer-
gency room was initially influenced by the authors’ previous studies on firefighters 
activities during urban emergency responses [10, 17, 20]. These studies allowed us to 
determine an initial set of context variables, which was then modified according to the 
mobile workers behavior observed in the emergency room.  

The procedure to identify these variables considered several steps: (1) identify the 
activities, (2) determine their main characteristics, (3) validate these characterizations 
and (4) determine the main variables affecting the activities performance. Fifteen 
activities were analyzed and characterized. Then, the context variables with similar 
meaning were grouped. In some cases, the activity characterization allowed us to 
extend the set of values that can be assumed by the context variables. In the rest of 
this section we describe these variables and an initial ontology that represents the 
relationships among these variables.  
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4.1 Context Variables Affecting Mobile Activities 

Although this set of context variables could be then extended, it is complete enough to 
characterize mobile activities and help designers to determine the services required to 
support them. Next we present the context variables that characterize the mobile ac-
tivities and influence the performance of the workers at the emergency room. 

 

Mobility level. The level of mobility required by a person (who plays a role) to ac-
complish the activity determines the value of this variable (i.e. characteristic of the 
activity). The values that can be assumed by this context variable are the following: 
stationary, nomadic and mobile. This mobility classification is aligned with the tax-
onomy proposed by Kristoffersen and Ljungberg [21]. In stationary activities the 
mobile worker performs the tasks in a small physical area, staying stationary or hav-
ing very low mobility. Examples of this activity type are the examination of patients 
or the process of getting a blood sample. In both activities the workers must stay in 
the patient pods during a time period until they finish. Nomadic activities typically 
involve a set of stationary tasks, in which the worker must walk from one location to 
another to accomplish them. An example of this activity type is the round performed 
by the nurses to monitor the health conditions of the patients. A mobile activity re-
quires that the worker is on the move almost permanently to accomplish it. Examples 
of mobile activities are the transportation of patients to the imaginology area (e.g. for 
X-Ray) or look for a specialist through the hospital facilities to get an expert opinion. 
Our observations during the study indicate that mobile workers need to be stationary 
(at least temporally) to read information or make annotations. Moreover, they can 
read information while walking only if it is short, simple and direct. In other case, 
they ignore the information or decide to stop to read it.   

 

Location-dependence. Some activities can be done only in specific places, while  
others can be performed almost in any place. The location dependence variable  
determines such a feature for a mobile activity; therefore, it can assume one of the 
following values: location-dependent or location-independent. By location-dependent 
activities we mean those that should be performed in particular locations (it can be 
one or various locations). For instance, an X-Ray image should be analyzed in an X-
Ray illuminator and the medication process of a patient must be done at the patient’s 
pod. The location-independent activities, e.g. a medical inter-consult between two 
physicians, can be done almost in any place. The observations recorded in the study 
indicate that location-dependent activities usually impose physical limitations to mo-
bile workers and negatively affect their performance. In some cases, the use of mobile 
computing and wireless communication technology can transform a location-
dependent activity in a location-independent one. For instance, an X-Ray (image in 
high resolution) can be retrieved and analyzed by the physician in his tablet PC, 
avoiding thus going to get the physical image and then find a X-Ray illuminator to 
read it.    

 

Coupling. The activity coupling establishes the level of interdependence between an 
activity and others being performed during the same time period. This characteristic 
can also be understood as the coordination level required by an activity. The values 
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that can be assumed by this context variable are: loosely-coupled, tightly-coupled or 
uncoupled. An activity is loosely-coupled if it is weakly dependent on each other. 
Typically, the people performing these activities function autonomously and collabo-
rate on-demand during short time periods [22]. A tightly-coupled activity (partially or 
fully) depends on some other activity that is usually being performed in parallel. The 
actions made by a worker provide feedback to others, whom can change their next 
actions or behavior based on such information. Examples of tightly-coupled activities 
are those performed by a nurse that is supporting to a physician during a medical pro-
cedure. The next actions of the nurse typically depend on the current actions of the 
physician. Two activities are uncoupled if there is not relationship between them. This 
type of coupling is usually present between people working in different areas; e.g. the 
activities performed by a nurse at the ER are uncoupled from those performed by a 
nurse working in the intensive care unit.  

 

Information-dependence. This characteristic is similar to the location-dependence, but 
it indicates how mandatory is to count on external information to accomplish the ac-
tivity. An information-dependent activity (e.g. the diagnosis of a physical traumatism) 
requires counting on supporting information (e.g. an X-Ray image). Contrarily, an 
information-independent activity (e.g. the interview to a patient) can be done without 
external information support. Finally, the information-supported activities (e.g. the 
prescription of drugs for a flu) use external information if it is available (e.g. the med-
ical record indicating the drug allergies of such a patient).  

 

Data input. This variable indicates the level of data input that is required to perform 
the activity. The data input levels can be low (e.g. checking boxes in a form), medium 
(e.g. annotating how to administrate the drugs during a treatment) and high (e.g. writ-
ing the medical history of a patient). 

Context-Awareness. This characteristic indicates if an activity is dependent of the 
work context in which it is performed. The possible values that this variable can as-
sume are context-aware or context-independent. The first ones are typically those 
with some level of coupling (i.e. loosely or tightly-coupled) and the second ones are 
those that do not have coupling with other activities.   

 

A mobile work activity can be characterized using combinations of these features. 
If a single value cannot be assigned to these variables, it probably means that multiple 
tasks with different features are part of the activity. In that case, the activity being 
analyzed must be decomposed in tasks until a single feature can be assigned to them.  

4.2 Ontology of Mobile Activities Characteristics 

Figure 2 shows an initial ontology of mobile activities characteristics. These characte-
ristics, and the relationships among them, can be used by the designers of mobile and 
ubiquitous applications to determine mandatory services, transversal services and 
eventual limitations of the system. For instance, if the activity to be supported is 
loosely or tightly-coupled, the designer will have to consider context-aware services 
and the usage of external information to support mobile workers. Moreover, if that 
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activity requires high mobility, then the mobile worker will have to use a small de-
vice, which usually imposes restrictions for data input mechanism (e.g. through vir-
tual or physical keyboards). 
 

 

Fig. 2. Ontology of mobile activities characteristics 

Although the designer can identify several system requirements only analyzing this 
ontology, the most important contribution of this ontology is as instrument to help 
designer identifying mandatory supporting services. However, this can be done once 
these services are linked to the characteristics of the activity. Next section exemplifies 
how to match services with activity features. 

4.3 Design Guidelines 

It is well-known that awareness mechanisms are used to support loosely and tightly-
coupled activities. Therefore, services implementing these mechanisms are usually 
required by context-aware applications that support these activity types. Presence and 
location awareness services are required to support activities involving face-to-face 
interactions among mobile workers. Sensing services are required in applications that 
are context-aware. Data transfer and synchronization services are mandatory if the 
activity is information-dependent or supported. Location awareness services are re-
quired to support location-dependent activities. If the activity is mobile or nomadic, a 
capturer of the user attention (also known as CUA) should be used before delivering 
information to the worker; thus, the application increases the probability that such a 
person effectively put his attention on it. Clearly, the lack of these services in systems 
supporting activities with these characteristics, will determine the system limitations. 
These limitations must also be identified by the designer before implementing the 
solution. 

These are just examples about the type of design inferences that the designer can 
do using the proposed ontology and linking supporting services to activities characte-
ristics. Although this is a first step towards the problem solution, this analysis shows 
that addressing it following this approach is highly promising. 
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5 Conclusions and Future Work 

Today, the efficiency and effectiveness of mobile activities can be improved or en-
hanced using supporting technology. Mobile and ubiquitous applications are typically 
used to reach these goals. As any other collaborative system, the development of these 
applications is affected by the iceberg effect [1]; therefore their software designers 
have to guess an important part of the supporting services that these applications have 
to provide to the end-users (i.e. the mobile workers). 

Trying to help address such a problem, this article proposes a set of characteristics 
of mobile activities that can be used to help identify many of these services and also 
the potential limitations of the new systems. These activity characteristics were ob-
tained from a study of the work done by physicians and nurses in an emergency room 
of a hospital. 

Moreover, we propose an ontology of activity characteristics and some design 
guidelines to ease the services identification process. The ontology specifies the rela-
tionships among the possible values that can be assumed by the activity characteris-
tics (i.e. the context variables). The design guidelines illustrate about how to use the 
ontology to infer the supporting services that will be required by the new application. 

The next step considers determining the services that are mandatory, according to 
the characteristics of the activity to be supported. Moreover, we want to replicate the 
study presented in this paper, probably in the urban emergency responses performed 
by firefighters, as a way to extend and validate the proposed activity characteristics 
and also the ontology.  
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