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Introduction—I

• People use a wide variety of handheld 
devices in many different environments

• Hardware: close to dream of Ubiquitous 
Computing

• Software: long way to go…



Introduction—II

• Hospital/Clinical settings could benefit from 
using multiple devices

• Information and communication intensive 
AND mobile

• Existing studies show benefit for mobile 
computing and contextual information



Background—I

• Regional hospital in Trondheim updated

• Patient terminals for entertainment, control

• PDA for medical staff

user interface for the appliance based on the user’s 
preferences. 

Comparison of multi-device interaction techniques 
Despite the high number of experimental systems 
integrating different devices, little is known about how the 
various techniques for multi-display interaction compare 
with respect to usability.  

Nacenta et al. [10] report on an experimental comparison of 
pick-and-drop and five other interaction techniques for 
multi-display interfaces. They chose a meeting room 
setting, and designed a controlled experiments to compare 
the interaction techniques’ usability for a simple 
information moving task. The user was asked to move 
screen content between a table-mounted tablet PC and a 
“desktop” projected onto the same table.  

They found substantial differences between the techniques, 
and gave useful guidelines for the design of similar 
systems.  

COMPUTING DEVICES FOR A HOSPITAL WARD 
Our approach is similar to that of the Pebbles project [9] in 
that we start out with off-the-shelf computing technology 
and explore the potentials for system integration at the user 
interface.  

The present study was done in relation to a regional hospital 
in Trondheim, Norway where new wards are being 
equipped with an advanced IT infrastructure.  This includes 
a “patient terminal” by every bed, used as an advanced 
hospital bed entertainment system for the patient, and a 
PDA as a tool for the medical staff.  

Patient terminals 
The patient terminal is basically a PC where all input and 
output is done through a touch screen. The patient terminal 
is mounted on a movable arm (see Figure 1), so that it can 
be moved according to the patient’s or staff’s preferences. 

 

Figure 1. The patient terminal 

The patient terminal offers a range of services, mostly 
entertainment for the patient. The services include IP-based 

radio, TV, video-on-demand, control of lights, internet 
access, email, games and telephony. 

PDAs for the health workers 
The PDA for the medical staff implements a calling system 
and mobile telephony. It also provides services like 
telephone directory, contact information, e-mail, messages, 
and access to medical reference books. The PDAs have 
built-in wireless LAN. 

Integrated RFID/barcode readers 
We assume that the PDAs will be equipped with token 
readers that enable them to identify passive tokens with 
unique IDs. Off-the-shelf technology with this functionality 
include plug-in RFID and barcode readers. 

Network infrastructure 
Every device in the hospital with networking capabilities 
can be interconnected through an IP-based messaging 
system. Devices with wireless networking capabilities can 
be connected to the network from anywhere on the hospital 
area. The network infrastructure makes it technologically 
possible for every PDA to communicate with any patient 
terminal and any other PDA.  

RESEARCH DESIGN 
Given the available technology, we want to explore and 
compare relevant interaction techniques for using patient 
terminals and PDAs together in clinical settings. 

Research questions 
The aim of the study is twofold: (1) To get comparable 
usability and user preference data for the interaction 
techniques, and (2) to learn what social and contextual 
factors affect their usability.   

Evaluation criteria 
ISO 9241-11 [6] defines usability as: “the extent to which a 
product can be used by specified users to achieve specified 
goals with effectiveness, efficiency and satisfaction in a 
specified context of use”. Effectiveness is in this ISO 
definition a measure of task completion and completeness. 

Most existing comparison studies of interaction techniques 
have focused on efficiency measures such as input speed, 
error rate, and NASA TLX measures of subjective 
workload. These studies have implicitly taken for granted 
that the techniques provide necessary effectiveness and 
[user] satisfaction. (See [5] for an example).  

For simple and well understood contexts of use, such as 
web browsing on desktop PCs, these assumptions can be 
justified. For more complex and less understood use 
contexts and technologies, such as ubiquitous computing in 
a hospital, less can be taken for granted concerning 
effectiveness and [user] satisfaction. This is not to say that 
efficiency will not be important for such systems, only that 
very little research has been done in this area, and that we 
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Can they work together?



Background—II

• Assumptions:

• Integrated RFID/barcode readers

• Network infrastructure so any PDA can 
communicate with any patient terminal or 
any other PDA



The Study

• Research Questions:

1. To get comparable usability and user 
preference data for the interaction 
techniques

2. To learn what social and contextual 
factors affect their usability



Prototyping

Research Design

Evaluating

User Understanding

1. Workshop with health works to find 
scenarios

2. Verify scenarios with experienced physician

3. Develop prototypes for scenario

4. Test prototypes

5. Rank prototypes



Scenario—I

• “…a physician wants to show a patient a set 
of X-rays prior to surgery. The physician has 
the X-ray images available on a PDA, and can 
use the patient terminal as an additional 
display unit.”



Scenario—II

• Patient has arthritis in the left elbow joint

• Doctor to explain condition and inform 
about need for surgery

• Has seven X-ray images

• Two from affected elbow, two from the 
other

• Extra images for other patients



Technique A

• WIMP on PC

• Base interface

Resulting scenario 
The results from the workshop indicated that using a PDA 
together with the patient terminal can offer additional 
functionality compared to operating the devices separately. 
The idea that seemed most useful and realistic for the 
medical personnel was to let the users find and select 
images on the PDA and present them to the patient on the 
terminal.  

In the resulting scenario, a physician wants to show a 
patient a set of X-rays prior to surgery. The physician has 
the X-ray images available on a PDA, and can use the 
patient terminal as an additional display unit. 

DOMAIN EXPERT INTERVIEW 
To get an expert opinion on the resulting scenario, an 
experienced physician was interviewed (male 
rheumatologist, age 45). The scenario was presented, and 
he was asked to validate its realism and relevance. 

Results 
According to the physician there are several situations 
where X-ray images are shared with patients. Physicians 
often explain the patient’s diagnosis by using X-ray images 
as supporting illustrations. X-ray images are tangible and 
objective evidence and are often more convincing than the 
physician’s explanation.  

When the physician displays X-ray images to a patient, not 
all of the available images are used. This is mainly because 
not all of them are interesting, but also because showing 
them all might confuse the patient. 

In sum, the physician confirmed the realism and relevance 
of the pre-surgery scenario.  

IDENTIFYING CANDIDATE INTERACTION TECHNIQUES 
Seven interaction techniques for using PDAs and patient 
terminals together were identified for the X-ray viewing 
application. In addition, a baseline design for the patient 
terminal alone was developed. 

Technique A: WIMP on PC  
The baseline design is a straightforward WIMP (Windows, 
Icons, Menus and Pointing device) interface for the 
selection of X-ray images on a touch screen.  

 

Figure 2. WIMP on PC 

The number of images was kept low, making the navigation 
a one level selection task (Figure 2). The screen was split in 

two, with the selected X-ray image to the right and a list of 
selectable image names to the left. 

Technique B: Drag and drop  
The first multi-device interaction technique (Figure 3) is 
drag-and-drop. Icons on the handheld representing 
information objects can be dragged and released over an 
icon representing the PC. The objects will then appear on 
the PC.  

 

Figure 3. Drag and drop on the PDA 

This is similar to how document icons can be moved in 
windowing systems implementing the desktop metaphor. 

Technique C: Screen extension 
Screen extension (Figure 4) implies that the handheld and 
the PC are logically interconnected so that objects can be 
dragged between the devices. When the user drags an object 
on the handheld towards the screen edge, it will appear on 
the PC screen. 

 

Figure 4. Screen extension 

This technique is inspired by the way current windowing 
systems allow the user to extend the desktop over two or 
more screens.  

Technique D: PDA as input device 
 

 

Figure 5: The PDA as input device 

One way of integrating PDAs and other devices is by letting 
the PDA replace existing input devices.  
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Technique B

• Drag and drop

• Icons from the 
top represent 
X-rays

• Icon at bottom 
represents 
terminal

Resulting scenario 
The results from the workshop indicated that using a PDA 
together with the patient terminal can offer additional 
functionality compared to operating the devices separately. 
The idea that seemed most useful and realistic for the 
medical personnel was to let the users find and select 
images on the PDA and present them to the patient on the 
terminal.  

In the resulting scenario, a physician wants to show a 
patient a set of X-rays prior to surgery. The physician has 
the X-ray images available on a PDA, and can use the 
patient terminal as an additional display unit. 

DOMAIN EXPERT INTERVIEW 
To get an expert opinion on the resulting scenario, an 
experienced physician was interviewed (male 
rheumatologist, age 45). The scenario was presented, and 
he was asked to validate its realism and relevance. 

Results 
According to the physician there are several situations 
where X-ray images are shared with patients. Physicians 
often explain the patient’s diagnosis by using X-ray images 
as supporting illustrations. X-ray images are tangible and 
objective evidence and are often more convincing than the 
physician’s explanation.  

When the physician displays X-ray images to a patient, not 
all of the available images are used. This is mainly because 
not all of them are interesting, but also because showing 
them all might confuse the patient. 

In sum, the physician confirmed the realism and relevance 
of the pre-surgery scenario.  

IDENTIFYING CANDIDATE INTERACTION TECHNIQUES 
Seven interaction techniques for using PDAs and patient 
terminals together were identified for the X-ray viewing 
application. In addition, a baseline design for the patient 
terminal alone was developed. 

Technique A: WIMP on PC  
The baseline design is a straightforward WIMP (Windows, 
Icons, Menus and Pointing device) interface for the 
selection of X-ray images on a touch screen.  

 

Figure 2. WIMP on PC 

The number of images was kept low, making the navigation 
a one level selection task (Figure 2). The screen was split in 

two, with the selected X-ray image to the right and a list of 
selectable image names to the left. 

Technique B: Drag and drop  
The first multi-device interaction technique (Figure 3) is 
drag-and-drop. Icons on the handheld representing 
information objects can be dragged and released over an 
icon representing the PC. The objects will then appear on 
the PC.  

 

Figure 3. Drag and drop on the PDA 

This is similar to how document icons can be moved in 
windowing systems implementing the desktop metaphor. 

Technique C: Screen extension 
Screen extension (Figure 4) implies that the handheld and 
the PC are logically interconnected so that objects can be 
dragged between the devices. When the user drags an object 
on the handheld towards the screen edge, it will appear on 
the PC screen. 

 

Figure 4. Screen extension 

This technique is inspired by the way current windowing 
systems allow the user to extend the desktop over two or 
more screens.  

Technique D: PDA as input device 
 

 

Figure 5: The PDA as input device 

One way of integrating PDAs and other devices is by letting 
the PDA replace existing input devices.  
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Technique C

• Screen extension

• Similar to using two 
screens on Windows, 
Mac, Xinerama

Resulting scenario 
The results from the workshop indicated that using a PDA 
together with the patient terminal can offer additional 
functionality compared to operating the devices separately. 
The idea that seemed most useful and realistic for the 
medical personnel was to let the users find and select 
images on the PDA and present them to the patient on the 
terminal.  

In the resulting scenario, a physician wants to show a 
patient a set of X-rays prior to surgery. The physician has 
the X-ray images available on a PDA, and can use the 
patient terminal as an additional display unit. 

DOMAIN EXPERT INTERVIEW 
To get an expert opinion on the resulting scenario, an 
experienced physician was interviewed (male 
rheumatologist, age 45). The scenario was presented, and 
he was asked to validate its realism and relevance. 

Results 
According to the physician there are several situations 
where X-ray images are shared with patients. Physicians 
often explain the patient’s diagnosis by using X-ray images 
as supporting illustrations. X-ray images are tangible and 
objective evidence and are often more convincing than the 
physician’s explanation.  

When the physician displays X-ray images to a patient, not 
all of the available images are used. This is mainly because 
not all of them are interesting, but also because showing 
them all might confuse the patient. 

In sum, the physician confirmed the realism and relevance 
of the pre-surgery scenario.  

IDENTIFYING CANDIDATE INTERACTION TECHNIQUES 
Seven interaction techniques for using PDAs and patient 
terminals together were identified for the X-ray viewing 
application. In addition, a baseline design for the patient 
terminal alone was developed. 

Technique A: WIMP on PC  
The baseline design is a straightforward WIMP (Windows, 
Icons, Menus and Pointing device) interface for the 
selection of X-ray images on a touch screen.  

 

Figure 2. WIMP on PC 

The number of images was kept low, making the navigation 
a one level selection task (Figure 2). The screen was split in 

two, with the selected X-ray image to the right and a list of 
selectable image names to the left. 

Technique B: Drag and drop  
The first multi-device interaction technique (Figure 3) is 
drag-and-drop. Icons on the handheld representing 
information objects can be dragged and released over an 
icon representing the PC. The objects will then appear on 
the PC.  

 

Figure 3. Drag and drop on the PDA 

This is similar to how document icons can be moved in 
windowing systems implementing the desktop metaphor. 

Technique C: Screen extension 
Screen extension (Figure 4) implies that the handheld and 
the PC are logically interconnected so that objects can be 
dragged between the devices. When the user drags an object 
on the handheld towards the screen edge, it will appear on 
the PC screen. 

 

Figure 4. Screen extension 

This technique is inspired by the way current windowing 
systems allow the user to extend the desktop over two or 
more screens.  

Technique D: PDA as input device 
 

 

Figure 5: The PDA as input device 

One way of integrating PDAs and other devices is by letting 
the PDA replace existing input devices.  
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Technique D

• The PDA as input 
device

• The user 
controls the 
mouse pointer 
with the stylus 
on the PDA

Resulting scenario 
The results from the workshop indicated that using a PDA 
together with the patient terminal can offer additional 
functionality compared to operating the devices separately. 
The idea that seemed most useful and realistic for the 
medical personnel was to let the users find and select 
images on the PDA and present them to the patient on the 
terminal.  

In the resulting scenario, a physician wants to show a 
patient a set of X-rays prior to surgery. The physician has 
the X-ray images available on a PDA, and can use the 
patient terminal as an additional display unit. 

DOMAIN EXPERT INTERVIEW 
To get an expert opinion on the resulting scenario, an 
experienced physician was interviewed (male 
rheumatologist, age 45). The scenario was presented, and 
he was asked to validate its realism and relevance. 

Results 
According to the physician there are several situations 
where X-ray images are shared with patients. Physicians 
often explain the patient’s diagnosis by using X-ray images 
as supporting illustrations. X-ray images are tangible and 
objective evidence and are often more convincing than the 
physician’s explanation.  

When the physician displays X-ray images to a patient, not 
all of the available images are used. This is mainly because 
not all of them are interesting, but also because showing 
them all might confuse the patient. 

In sum, the physician confirmed the realism and relevance 
of the pre-surgery scenario.  

IDENTIFYING CANDIDATE INTERACTION TECHNIQUES 
Seven interaction techniques for using PDAs and patient 
terminals together were identified for the X-ray viewing 
application. In addition, a baseline design for the patient 
terminal alone was developed. 

Technique A: WIMP on PC  
The baseline design is a straightforward WIMP (Windows, 
Icons, Menus and Pointing device) interface for the 
selection of X-ray images on a touch screen.  

 

Figure 2. WIMP on PC 

The number of images was kept low, making the navigation 
a one level selection task (Figure 2). The screen was split in 

two, with the selected X-ray image to the right and a list of 
selectable image names to the left. 

Technique B: Drag and drop  
The first multi-device interaction technique (Figure 3) is 
drag-and-drop. Icons on the handheld representing 
information objects can be dragged and released over an 
icon representing the PC. The objects will then appear on 
the PC.  

 

Figure 3. Drag and drop on the PDA 

This is similar to how document icons can be moved in 
windowing systems implementing the desktop metaphor. 

Technique C: Screen extension 
Screen extension (Figure 4) implies that the handheld and 
the PC are logically interconnected so that objects can be 
dragged between the devices. When the user drags an object 
on the handheld towards the screen edge, it will appear on 
the PC screen. 

 

Figure 4. Screen extension 

This technique is inspired by the way current windowing 
systems allow the user to extend the desktop over two or 
more screens.  

Technique D: PDA as input device 
 

 

Figure 5: The PDA as input device 

One way of integrating PDAs and other devices is by letting 
the PDA replace existing input devices.  
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Technique E

• Remote Control

• PDA functions like a 
TV or DVD remote

In the interaction technique show in Figure 5, the user 
controls the mouse cursor on the PC with the stylus on the 
PDA.  

Technique E: Remote control  
The remote control technique lets the user control the PC by 
tapping buttons on the handheld’s screen (Figure 6). The up 
and down buttons let the user move between choices in 
menus.  

 

Figure 6. The handheld as a remote control for the PC. 

This is similar to how remote controls are used to control 
TVs and DVD-players.  

Technique F: WIMP on PDA  
The technique shown in Figure 7 is similar to the baseline 
design, but the WIMP navigation is done on the PDA 
instead of on the PC. When the user makes a selection on 
the PDA, the object that it refers to is shown on the patient 
terminal.  

 

Figure 7. WIMP on PDA 

All WIMP interaction is done on the PDA, while the PC 
display is used for showing non-interactive media content. 

Technique G: Proximity 
 

 

Figure 8. Proximity. 

The technique shown in Figure 8 is inspired by research on 
tangible interfaces.  

A user selects an information object on the PDA and moves 
the handheld towards the PC-screen. When the PDA is 
close enough, the selected item on the handheld is shown 
on the PC. 

Technique H:  Mirroring 
Current windowing systems allow for two screens to 
display the same content. In our case, mirroring implies that 
the handheld is showing a continuously updated copy of the 
PC-screen where all the changes on one are reflected on the 
other.  

 

Figure 9. Mirroring. 

The handheld has a much smaller screen with a lower 
resolution, so the handheld displays a downscaled copy of 
the screen (Figure 9). 

COMPARATIVE USABILITY EVALUATION 
The aim of the comparative usability evaluation was both to 
get comparable usability data and to learn what factors 
affect the usability.  

Subjects 
Due to the nature of the scenario, the tests were done with 
pairs of users, one physician and one patient. A total of five 
pairs were recruited. Four of the physicians were male, one 
female. Their age ranged from 30 to 50. Two of the patients 
were male, and three were female. Their age ranged from 
25 to 35.  

Equipment, location and recording 
The tasks were performed using prototype implementations 
of the eight interaction techniques described above. The 
proximity mechanism (technique G) was simulated by 
having an operator in the control room observe the users 
and simulate token-reader behavior. 

The PDA used was a Fujitsu Siemens Pocket LOOX with 
built-in WLAN. The patient terminal was a standard PC 
connected to a 15” touch screen. 

The tests were done in a full-scale model of a section of a 
hospital ward with roof-mounted cameras and wireless 
microphones used for recording. The PDA’s screen content 
was mirrored on a PC and this image was mixed in real-
time with the video and audio streams from the test. Figure 
10 shows the resulting video stream. 
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Technique F

• WIMP on PDA

• All WIMP 
interaction is 
done on the 
PDA

• Terminal shows 
the results

In the interaction technique show in Figure 5, the user 
controls the mouse cursor on the PC with the stylus on the 
PDA.  

Technique E: Remote control  
The remote control technique lets the user control the PC by 
tapping buttons on the handheld’s screen (Figure 6). The up 
and down buttons let the user move between choices in 
menus.  

 

Figure 6. The handheld as a remote control for the PC. 

This is similar to how remote controls are used to control 
TVs and DVD-players.  

Technique F: WIMP on PDA  
The technique shown in Figure 7 is similar to the baseline 
design, but the WIMP navigation is done on the PDA 
instead of on the PC. When the user makes a selection on 
the PDA, the object that it refers to is shown on the patient 
terminal.  

 

Figure 7. WIMP on PDA 

All WIMP interaction is done on the PDA, while the PC 
display is used for showing non-interactive media content. 

Technique G: Proximity 
 

 

Figure 8. Proximity. 

The technique shown in Figure 8 is inspired by research on 
tangible interfaces.  

A user selects an information object on the PDA and moves 
the handheld towards the PC-screen. When the PDA is 
close enough, the selected item on the handheld is shown 
on the PC. 

Technique H:  Mirroring 
Current windowing systems allow for two screens to 
display the same content. In our case, mirroring implies that 
the handheld is showing a continuously updated copy of the 
PC-screen where all the changes on one are reflected on the 
other.  

 

Figure 9. Mirroring. 

The handheld has a much smaller screen with a lower 
resolution, so the handheld displays a downscaled copy of 
the screen (Figure 9). 

COMPARATIVE USABILITY EVALUATION 
The aim of the comparative usability evaluation was both to 
get comparable usability data and to learn what factors 
affect the usability.  

Subjects 
Due to the nature of the scenario, the tests were done with 
pairs of users, one physician and one patient. A total of five 
pairs were recruited. Four of the physicians were male, one 
female. Their age ranged from 30 to 50. Two of the patients 
were male, and three were female. Their age ranged from 
25 to 35.  

Equipment, location and recording 
The tasks were performed using prototype implementations 
of the eight interaction techniques described above. The 
proximity mechanism (technique G) was simulated by 
having an operator in the control room observe the users 
and simulate token-reader behavior. 

The PDA used was a Fujitsu Siemens Pocket LOOX with 
built-in WLAN. The patient terminal was a standard PC 
connected to a 15” touch screen. 

The tests were done in a full-scale model of a section of a 
hospital ward with roof-mounted cameras and wireless 
microphones used for recording. The PDA’s screen content 
was mirrored on a PC and this image was mixed in real-
time with the video and audio streams from the test. Figure 
10 shows the resulting video stream. 
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Technique G

• Proximity

• The user selects 
information on the 
PDA and moves it 
toward the terminal 
screen

• When it is close 
enough the  image is 
shown

In the interaction technique show in Figure 5, the user 
controls the mouse cursor on the PC with the stylus on the 
PDA.  

Technique E: Remote control  
The remote control technique lets the user control the PC by 
tapping buttons on the handheld’s screen (Figure 6). The up 
and down buttons let the user move between choices in 
menus.  

 

Figure 6. The handheld as a remote control for the PC. 

This is similar to how remote controls are used to control 
TVs and DVD-players.  

Technique F: WIMP on PDA  
The technique shown in Figure 7 is similar to the baseline 
design, but the WIMP navigation is done on the PDA 
instead of on the PC. When the user makes a selection on 
the PDA, the object that it refers to is shown on the patient 
terminal.  

 

Figure 7. WIMP on PDA 

All WIMP interaction is done on the PDA, while the PC 
display is used for showing non-interactive media content. 

Technique G: Proximity 
 

 

Figure 8. Proximity. 

The technique shown in Figure 8 is inspired by research on 
tangible interfaces.  

A user selects an information object on the PDA and moves 
the handheld towards the PC-screen. When the PDA is 
close enough, the selected item on the handheld is shown 
on the PC. 

Technique H:  Mirroring 
Current windowing systems allow for two screens to 
display the same content. In our case, mirroring implies that 
the handheld is showing a continuously updated copy of the 
PC-screen where all the changes on one are reflected on the 
other.  

 

Figure 9. Mirroring. 

The handheld has a much smaller screen with a lower 
resolution, so the handheld displays a downscaled copy of 
the screen (Figure 9). 

COMPARATIVE USABILITY EVALUATION 
The aim of the comparative usability evaluation was both to 
get comparable usability data and to learn what factors 
affect the usability.  

Subjects 
Due to the nature of the scenario, the tests were done with 
pairs of users, one physician and one patient. A total of five 
pairs were recruited. Four of the physicians were male, one 
female. Their age ranged from 30 to 50. Two of the patients 
were male, and three were female. Their age ranged from 
25 to 35.  

Equipment, location and recording 
The tasks were performed using prototype implementations 
of the eight interaction techniques described above. The 
proximity mechanism (technique G) was simulated by 
having an operator in the control room observe the users 
and simulate token-reader behavior. 

The PDA used was a Fujitsu Siemens Pocket LOOX with 
built-in WLAN. The patient terminal was a standard PC 
connected to a 15” touch screen. 

The tests were done in a full-scale model of a section of a 
hospital ward with roof-mounted cameras and wireless 
microphones used for recording. The PDA’s screen content 
was mirrored on a PC and this image was mixed in real-
time with the video and audio streams from the test. Figure 
10 shows the resulting video stream. 
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Technique H

• Mirroring

• PDA has a 
scaled down 
version of what 
is shown on the 
terminal

In the interaction technique show in Figure 5, the user 
controls the mouse cursor on the PC with the stylus on the 
PDA.  

Technique E: Remote control  
The remote control technique lets the user control the PC by 
tapping buttons on the handheld’s screen (Figure 6). The up 
and down buttons let the user move between choices in 
menus.  

 

Figure 6. The handheld as a remote control for the PC. 

This is similar to how remote controls are used to control 
TVs and DVD-players.  

Technique F: WIMP on PDA  
The technique shown in Figure 7 is similar to the baseline 
design, but the WIMP navigation is done on the PDA 
instead of on the PC. When the user makes a selection on 
the PDA, the object that it refers to is shown on the patient 
terminal.  

 

Figure 7. WIMP on PDA 

All WIMP interaction is done on the PDA, while the PC 
display is used for showing non-interactive media content. 

Technique G: Proximity 
 

 

Figure 8. Proximity. 

The technique shown in Figure 8 is inspired by research on 
tangible interfaces.  

A user selects an information object on the PDA and moves 
the handheld towards the PC-screen. When the PDA is 
close enough, the selected item on the handheld is shown 
on the PC. 

Technique H:  Mirroring 
Current windowing systems allow for two screens to 
display the same content. In our case, mirroring implies that 
the handheld is showing a continuously updated copy of the 
PC-screen where all the changes on one are reflected on the 
other.  

 

Figure 9. Mirroring. 

The handheld has a much smaller screen with a lower 
resolution, so the handheld displays a downscaled copy of 
the screen (Figure 9). 

COMPARATIVE USABILITY EVALUATION 
The aim of the comparative usability evaluation was both to 
get comparable usability data and to learn what factors 
affect the usability.  

Subjects 
Due to the nature of the scenario, the tests were done with 
pairs of users, one physician and one patient. A total of five 
pairs were recruited. Four of the physicians were male, one 
female. Their age ranged from 30 to 50. Two of the patients 
were male, and three were female. Their age ranged from 
25 to 35.  

Equipment, location and recording 
The tasks were performed using prototype implementations 
of the eight interaction techniques described above. The 
proximity mechanism (technique G) was simulated by 
having an operator in the control room observe the users 
and simulate token-reader behavior. 

The PDA used was a Fujitsu Siemens Pocket LOOX with 
built-in WLAN. The patient terminal was a standard PC 
connected to a 15” touch screen. 

The tests were done in a full-scale model of a section of a 
hospital ward with roof-mounted cameras and wireless 
microphones used for recording. The PDA’s screen content 
was mirrored on a PC and this image was mixed in real-
time with the video and audio streams from the test. Figure 
10 shows the resulting video stream. 
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Resulting scenario 
The results from the workshop indicated that using a PDA 
together with the patient terminal can offer additional 
functionality compared to operating the devices separately. 
The idea that seemed most useful and realistic for the 
medical personnel was to let the users find and select 
images on the PDA and present them to the patient on the 
terminal.  

In the resulting scenario, a physician wants to show a 
patient a set of X-rays prior to surgery. The physician has 
the X-ray images available on a PDA, and can use the 
patient terminal as an additional display unit. 

DOMAIN EXPERT INTERVIEW 
To get an expert opinion on the resulting scenario, an 
experienced physician was interviewed (male 
rheumatologist, age 45). The scenario was presented, and 
he was asked to validate its realism and relevance. 

Results 
According to the physician there are several situations 
where X-ray images are shared with patients. Physicians 
often explain the patient’s diagnosis by using X-ray images 
as supporting illustrations. X-ray images are tangible and 
objective evidence and are often more convincing than the 
physician’s explanation.  

When the physician displays X-ray images to a patient, not 
all of the available images are used. This is mainly because 
not all of them are interesting, but also because showing 
them all might confuse the patient. 

In sum, the physician confirmed the realism and relevance 
of the pre-surgery scenario.  

IDENTIFYING CANDIDATE INTERACTION TECHNIQUES 
Seven interaction techniques for using PDAs and patient 
terminals together were identified for the X-ray viewing 
application. In addition, a baseline design for the patient 
terminal alone was developed. 

Technique A: WIMP on PC  
The baseline design is a straightforward WIMP (Windows, 
Icons, Menus and Pointing device) interface for the 
selection of X-ray images on a touch screen.  

 

Figure 2. WIMP on PC 

The number of images was kept low, making the navigation 
a one level selection task (Figure 2). The screen was split in 

two, with the selected X-ray image to the right and a list of 
selectable image names to the left. 

Technique B: Drag and drop  
The first multi-device interaction technique (Figure 3) is 
drag-and-drop. Icons on the handheld representing 
information objects can be dragged and released over an 
icon representing the PC. The objects will then appear on 
the PC.  

 

Figure 3. Drag and drop on the PDA 

This is similar to how document icons can be moved in 
windowing systems implementing the desktop metaphor. 

Technique C: Screen extension 
Screen extension (Figure 4) implies that the handheld and 
the PC are logically interconnected so that objects can be 
dragged between the devices. When the user drags an object 
on the handheld towards the screen edge, it will appear on 
the PC screen. 

 

Figure 4. Screen extension 

This technique is inspired by the way current windowing 
systems allow the user to extend the desktop over two or 
more screens.  

Technique D: PDA as input device 
 

 

Figure 5: The PDA as input device 

One way of integrating PDAs and other devices is by letting 
the PDA replace existing input devices.  
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• No problems 
presenting

• Physician 
explained as used 
the device

• One patient 
wanted to press 
the screen too

Results—A



Results—B
• Three of the 

physicians 
expected the 
image to appear 
immediately

• Two didn’t know 
where they should 
drag the image

• Two tried to drag 
image back

Resulting scenario 
The results from the workshop indicated that using a PDA 
together with the patient terminal can offer additional 
functionality compared to operating the devices separately. 
The idea that seemed most useful and realistic for the 
medical personnel was to let the users find and select 
images on the PDA and present them to the patient on the 
terminal.  

In the resulting scenario, a physician wants to show a 
patient a set of X-rays prior to surgery. The physician has 
the X-ray images available on a PDA, and can use the 
patient terminal as an additional display unit. 

DOMAIN EXPERT INTERVIEW 
To get an expert opinion on the resulting scenario, an 
experienced physician was interviewed (male 
rheumatologist, age 45). The scenario was presented, and 
he was asked to validate its realism and relevance. 

Results 
According to the physician there are several situations 
where X-ray images are shared with patients. Physicians 
often explain the patient’s diagnosis by using X-ray images 
as supporting illustrations. X-ray images are tangible and 
objective evidence and are often more convincing than the 
physician’s explanation.  

When the physician displays X-ray images to a patient, not 
all of the available images are used. This is mainly because 
not all of them are interesting, but also because showing 
them all might confuse the patient. 

In sum, the physician confirmed the realism and relevance 
of the pre-surgery scenario.  

IDENTIFYING CANDIDATE INTERACTION TECHNIQUES 
Seven interaction techniques for using PDAs and patient 
terminals together were identified for the X-ray viewing 
application. In addition, a baseline design for the patient 
terminal alone was developed. 

Technique A: WIMP on PC  
The baseline design is a straightforward WIMP (Windows, 
Icons, Menus and Pointing device) interface for the 
selection of X-ray images on a touch screen.  

 

Figure 2. WIMP on PC 

The number of images was kept low, making the navigation 
a one level selection task (Figure 2). The screen was split in 

two, with the selected X-ray image to the right and a list of 
selectable image names to the left. 

Technique B: Drag and drop  
The first multi-device interaction technique (Figure 3) is 
drag-and-drop. Icons on the handheld representing 
information objects can be dragged and released over an 
icon representing the PC. The objects will then appear on 
the PC.  

 

Figure 3. Drag and drop on the PDA 

This is similar to how document icons can be moved in 
windowing systems implementing the desktop metaphor. 

Technique C: Screen extension 
Screen extension (Figure 4) implies that the handheld and 
the PC are logically interconnected so that objects can be 
dragged between the devices. When the user drags an object 
on the handheld towards the screen edge, it will appear on 
the PC screen. 

 

Figure 4. Screen extension 

This technique is inspired by the way current windowing 
systems allow the user to extend the desktop over two or 
more screens.  

Technique D: PDA as input device 
 

 

Figure 5: The PDA as input device 

One way of integrating PDAs and other devices is by letting 
the PDA replace existing input devices.  
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Results—C

• Three saw this as 
another drag and drop, 
two realized it was a 
desktop extension

• Problem with 
implementation 

Resulting scenario 
The results from the workshop indicated that using a PDA 
together with the patient terminal can offer additional 
functionality compared to operating the devices separately. 
The idea that seemed most useful and realistic for the 
medical personnel was to let the users find and select 
images on the PDA and present them to the patient on the 
terminal.  

In the resulting scenario, a physician wants to show a 
patient a set of X-rays prior to surgery. The physician has 
the X-ray images available on a PDA, and can use the 
patient terminal as an additional display unit. 

DOMAIN EXPERT INTERVIEW 
To get an expert opinion on the resulting scenario, an 
experienced physician was interviewed (male 
rheumatologist, age 45). The scenario was presented, and 
he was asked to validate its realism and relevance. 

Results 
According to the physician there are several situations 
where X-ray images are shared with patients. Physicians 
often explain the patient’s diagnosis by using X-ray images 
as supporting illustrations. X-ray images are tangible and 
objective evidence and are often more convincing than the 
physician’s explanation.  

When the physician displays X-ray images to a patient, not 
all of the available images are used. This is mainly because 
not all of them are interesting, but also because showing 
them all might confuse the patient. 

In sum, the physician confirmed the realism and relevance 
of the pre-surgery scenario.  

IDENTIFYING CANDIDATE INTERACTION TECHNIQUES 
Seven interaction techniques for using PDAs and patient 
terminals together were identified for the X-ray viewing 
application. In addition, a baseline design for the patient 
terminal alone was developed. 

Technique A: WIMP on PC  
The baseline design is a straightforward WIMP (Windows, 
Icons, Menus and Pointing device) interface for the 
selection of X-ray images on a touch screen.  

 

Figure 2. WIMP on PC 

The number of images was kept low, making the navigation 
a one level selection task (Figure 2). The screen was split in 

two, with the selected X-ray image to the right and a list of 
selectable image names to the left. 

Technique B: Drag and drop  
The first multi-device interaction technique (Figure 3) is 
drag-and-drop. Icons on the handheld representing 
information objects can be dragged and released over an 
icon representing the PC. The objects will then appear on 
the PC.  

 

Figure 3. Drag and drop on the PDA 

This is similar to how document icons can be moved in 
windowing systems implementing the desktop metaphor. 

Technique C: Screen extension 
Screen extension (Figure 4) implies that the handheld and 
the PC are logically interconnected so that objects can be 
dragged between the devices. When the user drags an object 
on the handheld towards the screen edge, it will appear on 
the PC screen. 

 

Figure 4. Screen extension 

This technique is inspired by the way current windowing 
systems allow the user to extend the desktop over two or 
more screens.  

Technique D: PDA as input device 
 

 

Figure 5: The PDA as input device 

One way of integrating PDAs and other devices is by letting 
the PDA replace existing input devices.  
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Results—D

• Most felt that this 
was awkward and 
pointless, the 
patient terminal is 
too close

• Two suggested 
interface similar to 
technique F

Resulting scenario 
The results from the workshop indicated that using a PDA 
together with the patient terminal can offer additional 
functionality compared to operating the devices separately. 
The idea that seemed most useful and realistic for the 
medical personnel was to let the users find and select 
images on the PDA and present them to the patient on the 
terminal.  

In the resulting scenario, a physician wants to show a 
patient a set of X-rays prior to surgery. The physician has 
the X-ray images available on a PDA, and can use the 
patient terminal as an additional display unit. 

DOMAIN EXPERT INTERVIEW 
To get an expert opinion on the resulting scenario, an 
experienced physician was interviewed (male 
rheumatologist, age 45). The scenario was presented, and 
he was asked to validate its realism and relevance. 

Results 
According to the physician there are several situations 
where X-ray images are shared with patients. Physicians 
often explain the patient’s diagnosis by using X-ray images 
as supporting illustrations. X-ray images are tangible and 
objective evidence and are often more convincing than the 
physician’s explanation.  

When the physician displays X-ray images to a patient, not 
all of the available images are used. This is mainly because 
not all of them are interesting, but also because showing 
them all might confuse the patient. 

In sum, the physician confirmed the realism and relevance 
of the pre-surgery scenario.  

IDENTIFYING CANDIDATE INTERACTION TECHNIQUES 
Seven interaction techniques for using PDAs and patient 
terminals together were identified for the X-ray viewing 
application. In addition, a baseline design for the patient 
terminal alone was developed. 

Technique A: WIMP on PC  
The baseline design is a straightforward WIMP (Windows, 
Icons, Menus and Pointing device) interface for the 
selection of X-ray images on a touch screen.  

 

Figure 2. WIMP on PC 

The number of images was kept low, making the navigation 
a one level selection task (Figure 2). The screen was split in 

two, with the selected X-ray image to the right and a list of 
selectable image names to the left. 

Technique B: Drag and drop  
The first multi-device interaction technique (Figure 3) is 
drag-and-drop. Icons on the handheld representing 
information objects can be dragged and released over an 
icon representing the PC. The objects will then appear on 
the PC.  

 

Figure 3. Drag and drop on the PDA 

This is similar to how document icons can be moved in 
windowing systems implementing the desktop metaphor. 

Technique C: Screen extension 
Screen extension (Figure 4) implies that the handheld and 
the PC are logically interconnected so that objects can be 
dragged between the devices. When the user drags an object 
on the handheld towards the screen edge, it will appear on 
the PC screen. 

 

Figure 4. Screen extension 

This technique is inspired by the way current windowing 
systems allow the user to extend the desktop over two or 
more screens.  

Technique D: PDA as input device 
 

 

Figure 5: The PDA as input device 

One way of integrating PDAs and other devices is by letting 
the PDA replace existing input devices.  
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Results—E

• Interaction lead to lots of 
focus shifts between the 
PDA and the terminal

• Some commented that it 
was easy to use the 
terminal dirrectly

In the interaction technique show in Figure 5, the user 
controls the mouse cursor on the PC with the stylus on the 
PDA.  

Technique E: Remote control  
The remote control technique lets the user control the PC by 
tapping buttons on the handheld’s screen (Figure 6). The up 
and down buttons let the user move between choices in 
menus.  

 

Figure 6. The handheld as a remote control for the PC. 

This is similar to how remote controls are used to control 
TVs and DVD-players.  

Technique F: WIMP on PDA  
The technique shown in Figure 7 is similar to the baseline 
design, but the WIMP navigation is done on the PDA 
instead of on the PC. When the user makes a selection on 
the PDA, the object that it refers to is shown on the patient 
terminal.  

 

Figure 7. WIMP on PDA 

All WIMP interaction is done on the PDA, while the PC 
display is used for showing non-interactive media content. 

Technique G: Proximity 
 

 

Figure 8. Proximity. 

The technique shown in Figure 8 is inspired by research on 
tangible interfaces.  

A user selects an information object on the PDA and moves 
the handheld towards the PC-screen. When the PDA is 
close enough, the selected item on the handheld is shown 
on the PC. 

Technique H:  Mirroring 
Current windowing systems allow for two screens to 
display the same content. In our case, mirroring implies that 
the handheld is showing a continuously updated copy of the 
PC-screen where all the changes on one are reflected on the 
other.  

 

Figure 9. Mirroring. 

The handheld has a much smaller screen with a lower 
resolution, so the handheld displays a downscaled copy of 
the screen (Figure 9). 

COMPARATIVE USABILITY EVALUATION 
The aim of the comparative usability evaluation was both to 
get comparable usability data and to learn what factors 
affect the usability.  

Subjects 
Due to the nature of the scenario, the tests were done with 
pairs of users, one physician and one patient. A total of five 
pairs were recruited. Four of the physicians were male, one 
female. Their age ranged from 30 to 50. Two of the patients 
were male, and three were female. Their age ranged from 
25 to 35.  

Equipment, location and recording 
The tasks were performed using prototype implementations 
of the eight interaction techniques described above. The 
proximity mechanism (technique G) was simulated by 
having an operator in the control room observe the users 
and simulate token-reader behavior. 

The PDA used was a Fujitsu Siemens Pocket LOOX with 
built-in WLAN. The patient terminal was a standard PC 
connected to a 15” touch screen. 

The tests were done in a full-scale model of a section of a 
hospital ward with roof-mounted cameras and wireless 
microphones used for recording. The PDA’s screen content 
was mirrored on a PC and this image was mixed in real-
time with the video and audio streams from the test. Figure 
10 shows the resulting video stream. 
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Results—F

• Everyone found 
this easy and fast 
to use

• Some complained 
about focus shifts, 
since there were 
three things

In the interaction technique show in Figure 5, the user 
controls the mouse cursor on the PC with the stylus on the 
PDA.  

Technique E: Remote control  
The remote control technique lets the user control the PC by 
tapping buttons on the handheld’s screen (Figure 6). The up 
and down buttons let the user move between choices in 
menus.  

 

Figure 6. The handheld as a remote control for the PC. 

This is similar to how remote controls are used to control 
TVs and DVD-players.  

Technique F: WIMP on PDA  
The technique shown in Figure 7 is similar to the baseline 
design, but the WIMP navigation is done on the PDA 
instead of on the PC. When the user makes a selection on 
the PDA, the object that it refers to is shown on the patient 
terminal.  

 

Figure 7. WIMP on PDA 

All WIMP interaction is done on the PDA, while the PC 
display is used for showing non-interactive media content. 

Technique G: Proximity 
 

 

Figure 8. Proximity. 

The technique shown in Figure 8 is inspired by research on 
tangible interfaces.  

A user selects an information object on the PDA and moves 
the handheld towards the PC-screen. When the PDA is 
close enough, the selected item on the handheld is shown 
on the PC. 

Technique H:  Mirroring 
Current windowing systems allow for two screens to 
display the same content. In our case, mirroring implies that 
the handheld is showing a continuously updated copy of the 
PC-screen where all the changes on one are reflected on the 
other.  

 

Figure 9. Mirroring. 

The handheld has a much smaller screen with a lower 
resolution, so the handheld displays a downscaled copy of 
the screen (Figure 9). 

COMPARATIVE USABILITY EVALUATION 
The aim of the comparative usability evaluation was both to 
get comparable usability data and to learn what factors 
affect the usability.  

Subjects 
Due to the nature of the scenario, the tests were done with 
pairs of users, one physician and one patient. A total of five 
pairs were recruited. Four of the physicians were male, one 
female. Their age ranged from 30 to 50. Two of the patients 
were male, and three were female. Their age ranged from 
25 to 35.  

Equipment, location and recording 
The tasks were performed using prototype implementations 
of the eight interaction techniques described above. The 
proximity mechanism (technique G) was simulated by 
having an operator in the control room observe the users 
and simulate token-reader behavior. 

The PDA used was a Fujitsu Siemens Pocket LOOX with 
built-in WLAN. The patient terminal was a standard PC 
connected to a 15” touch screen. 

The tests were done in a full-scale model of a section of a 
hospital ward with roof-mounted cameras and wireless 
microphones used for recording. The PDA’s screen content 
was mirrored on a PC and this image was mixed in real-
time with the video and audio streams from the test. Figure 
10 shows the resulting video stream. 
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Results—G

• Most felt that it was 
awkward and 
unnecessary to move the 
PDA towards the 
terminal

In the interaction technique show in Figure 5, the user 
controls the mouse cursor on the PC with the stylus on the 
PDA.  

Technique E: Remote control  
The remote control technique lets the user control the PC by 
tapping buttons on the handheld’s screen (Figure 6). The up 
and down buttons let the user move between choices in 
menus.  

 

Figure 6. The handheld as a remote control for the PC. 

This is similar to how remote controls are used to control 
TVs and DVD-players.  

Technique F: WIMP on PDA  
The technique shown in Figure 7 is similar to the baseline 
design, but the WIMP navigation is done on the PDA 
instead of on the PC. When the user makes a selection on 
the PDA, the object that it refers to is shown on the patient 
terminal.  

 

Figure 7. WIMP on PDA 

All WIMP interaction is done on the PDA, while the PC 
display is used for showing non-interactive media content. 

Technique G: Proximity 
 

 

Figure 8. Proximity. 

The technique shown in Figure 8 is inspired by research on 
tangible interfaces.  

A user selects an information object on the PDA and moves 
the handheld towards the PC-screen. When the PDA is 
close enough, the selected item on the handheld is shown 
on the PC. 

Technique H:  Mirroring 
Current windowing systems allow for two screens to 
display the same content. In our case, mirroring implies that 
the handheld is showing a continuously updated copy of the 
PC-screen where all the changes on one are reflected on the 
other.  

 

Figure 9. Mirroring. 

The handheld has a much smaller screen with a lower 
resolution, so the handheld displays a downscaled copy of 
the screen (Figure 9). 

COMPARATIVE USABILITY EVALUATION 
The aim of the comparative usability evaluation was both to 
get comparable usability data and to learn what factors 
affect the usability.  

Subjects 
Due to the nature of the scenario, the tests were done with 
pairs of users, one physician and one patient. A total of five 
pairs were recruited. Four of the physicians were male, one 
female. Their age ranged from 30 to 50. Two of the patients 
were male, and three were female. Their age ranged from 
25 to 35.  

Equipment, location and recording 
The tasks were performed using prototype implementations 
of the eight interaction techniques described above. The 
proximity mechanism (technique G) was simulated by 
having an operator in the control room observe the users 
and simulate token-reader behavior. 

The PDA used was a Fujitsu Siemens Pocket LOOX with 
built-in WLAN. The patient terminal was a standard PC 
connected to a 15” touch screen. 

The tests were done in a full-scale model of a section of a 
hospital ward with roof-mounted cameras and wireless 
microphones used for recording. The PDA’s screen content 
was mirrored on a PC and this image was mixed in real-
time with the video and audio streams from the test. Figure 
10 shows the resulting video stream. 
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Results—H

• Most felt that the 
small screen made 
the menu difficult 
to see

• “…no value in 
seeing on the 
same on the PDA 
and screen.”

In the interaction technique show in Figure 5, the user 
controls the mouse cursor on the PC with the stylus on the 
PDA.  

Technique E: Remote control  
The remote control technique lets the user control the PC by 
tapping buttons on the handheld’s screen (Figure 6). The up 
and down buttons let the user move between choices in 
menus.  

 

Figure 6. The handheld as a remote control for the PC. 

This is similar to how remote controls are used to control 
TVs and DVD-players.  

Technique F: WIMP on PDA  
The technique shown in Figure 7 is similar to the baseline 
design, but the WIMP navigation is done on the PDA 
instead of on the PC. When the user makes a selection on 
the PDA, the object that it refers to is shown on the patient 
terminal.  

 

Figure 7. WIMP on PDA 

All WIMP interaction is done on the PDA, while the PC 
display is used for showing non-interactive media content. 

Technique G: Proximity 
 

 

Figure 8. Proximity. 

The technique shown in Figure 8 is inspired by research on 
tangible interfaces.  

A user selects an information object on the PDA and moves 
the handheld towards the PC-screen. When the PDA is 
close enough, the selected item on the handheld is shown 
on the PC. 

Technique H:  Mirroring 
Current windowing systems allow for two screens to 
display the same content. In our case, mirroring implies that 
the handheld is showing a continuously updated copy of the 
PC-screen where all the changes on one are reflected on the 
other.  

 

Figure 9. Mirroring. 

The handheld has a much smaller screen with a lower 
resolution, so the handheld displays a downscaled copy of 
the screen (Figure 9). 

COMPARATIVE USABILITY EVALUATION 
The aim of the comparative usability evaluation was both to 
get comparable usability data and to learn what factors 
affect the usability.  

Subjects 
Due to the nature of the scenario, the tests were done with 
pairs of users, one physician and one patient. A total of five 
pairs were recruited. Four of the physicians were male, one 
female. Their age ranged from 30 to 50. Two of the patients 
were male, and three were female. Their age ranged from 
25 to 35.  

Equipment, location and recording 
The tasks were performed using prototype implementations 
of the eight interaction techniques described above. The 
proximity mechanism (technique G) was simulated by 
having an operator in the control room observe the users 
and simulate token-reader behavior. 

The PDA used was a Fujitsu Siemens Pocket LOOX with 
built-in WLAN. The patient terminal was a standard PC 
connected to a 15” touch screen. 

The tests were done in a full-scale model of a section of a 
hospital ward with roof-mounted cameras and wireless 
microphones used for recording. The PDA’s screen content 
was mirrored on a PC and this image was mixed in real-
time with the video and audio streams from the test. Figure 
10 shows the resulting video stream. 
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Results—Summary

• Technique A and F were the two most 
preferred

• All the others had some usability problems

• Preference rankings indicate F then A



Usability Factors

• User interface usability

• Ergonomics and screen size

• Shared view vs. hiding information on PDA

• Focus shifts and time away from the patient



Discussion

• Combined results (evaluation and 
preference) indicate F is the best techinque

• Low number of people (five pairs) means 
that predictive power potentially weak

• Not dealt with login issues or identification



Conclusion

• “…designers of integrating handhelds and 
stationary displays should pay attention to 
factors beyond the user interface such as 
physical properties of the settings and the 
social aspects of the physician-patient 
interaction.”


