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Abstract—	   Scenarios are commonly used to develop new 
systems in multidisciplinary projects. However, written 
scenarios are sequential, not dynamic and can be too abstract 
or difficult to understand. The goal of this paper hence is to 
extend the use of scenarios in design methodologies, using an 
interactive scenario visualization (ISV) approach. We show 
that ISV can be used beneficially to develop a new system and 
that ISV aids in reflection upon the design trajectory. 
Comparing two software platforms, we found it was possible to 
develop such ISVs inexpensively, rapidly and with good visual 
quality. As a case study, we demonstrate the use of a home care 
system in 3D for discussion and development purposes1. A 
small-scale panel evaluation illustrates that this ISV clarifies 
the home care system, its functionalities, and aids in getting 
feedback on the development of the system. Finally, we discuss 
generalization of the use of ISVs. 
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I.  INTRODUCTION 
In situations where the exact use of a new system is not 

known a priori, scenarios are used to conceptualize and 
discuss the system’s properties, the behavior of people 
interacting with the system or the interaction context [1-2]. 
Written scenarios may however be difficult to understand, 
especially when they concern abstract concepts. Moreover, 
their stories are sequential and non-interactive. Also, 
knowledge barriers may induce unfamiliarity with the 
proposed technologies, which hampers input of domain 
experts and end users [3]. Finally, the visualization and 
imagination of the scenario has to be performed by the 
reader, based on the given (lengthy) text. When multiple 
users are involved this may lead to interpretation differences 
or incompleteness. 

In this study therefore, we developed an interactive 
scenario visualization technique, to extend the use of 
scenarios in design methodologies. The goal of visualization 
is two-fold: to clarify the system to be designed and to 
facilitate discussion with stakeholders. This paper discusses 
the results of this explorative study using a case study; a 
multi-disciplinary design effort to develop an ICT-mediated 
home care system for independent elderly living at home.  

The remainder of this paper is presented as follows. 
Section 2 discusses the use of scenarios and scenario 
visualization for development purposes. Section 3 explains 
our approach. Section 4 discusses the results of the case 
study. Section 5 presents the outcomes of a small-scale panel 
evaluation. Section 6 presents an outlook to discuss the 
generalization of our approach. Section 7 finally presents the 
conclusion. 

II. BACKGROUND 
A scenario is a story about the concrete use of a (future) 

system or technology and the consequences of the usage. [4-
6]. Scenarios are especially useful in multidisciplinary 
development projects to perform needs analysis, to guide the 
development of novel systems [7-8] and to articulate 
constraints from different stakeholders [9]. Hence, scenarios 
are used for understanding requirements and they aid in 
prototyping and evaluation of design concepts.  

The scenario product is a description of who does what 
for what purpose [10] on a more or less abstract or concrete 
level, depending on the goal of the scenario and the moment 
of delivery in the development lifecycle. In early stages, the 
scenario takes on a user perspective revealing PACT (people, 
activities, context of use and technology used) properties 
[11]. As the development effort continues, scenarios become 
more concrete and system-oriented, reflecting (snapshots of) 
the FICS properties (functions, interactions, content and 
style/service) of the system.  

Scenarios can be produced in different modalities: apart 
from a written storyline they can be a mockup, sequence of 
maps, animation, theatre, audio-visual or interactive format 
[1,2,4]. Whereas visualized modalities have impact on 
understandability and consumability of the scenario [12], 
they come at the price of translation and interpretation of the 
storyline. The resulting product may be less flexible, e.g. a 
video version is difficult to modify as the scenario evolves. 
Moreover, they tend to be time-consuming and expensive to 
produce. This holds e.g. for video formats and for theatre 
plays [13].  

Interactive scenario visualizations, like audio-visual 
visualizations, also have interpretations of the storyline, but 

1 The ISV of the case study is available online at http://bit.ly/isv4hct. 
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have interesting properties regarding understandability, 
dynamicity and production effort. In interactive scenario 
visualization, the story becomes dynamic and reversible, and 

may hence be traversed in the user’s order of choice, e.g. 
useful in educational situations or serious gaming [14]. The 
ISV tempts to activate its audience and is not ‘consuming-
only’ anymore. Like audio-visual scenarios, ISVs can be 
streamed over the internet to reach a large audience. Unlike 
movies however, interactive scenarios can be linked to data 
sources, web services and news feeds to increase the 
actuality of the scenario. Though powerful in potential, ISVs 
for home care technology development purposes is still, as 
far as we know, very limited.  

III. METHODOLOGY 
Now that the use and modalities of scenarios have been 

described, we come to the description of the process to 
realize the case study ISV. Thereto this section describes (i) 
the comparison process to select the software to develop the 
visualizations, and (ii) the content selection process to create 
the visualization itself. 

To develop the actual ISV, we considered two freely 
available software packages, Alice and Unity. Alice [15] is 
an easy-to-use model-driven engineering drag-and-drop 
programming environment aimed at teaching Object-
Oriented programming using characters in 3d virtual worlds 
[16]. As of version 3.0, its created output can be exported to 
Java source code for further manipulation or addition. 
Characters of ‘The Sims’ can be used in the created virtual 
world, so the result can be appealing but it remains 
cartoonesk. 

Unity [17] on the other hand has a steeper learning curve 
but offers more flexibility in terms of graphics, story design 
and realistic representation of daily activities in 3d virtual 
worlds. This is not surprising as it is meant for (serious) 
game design instead of storytelling / learning to program, as 
is the case for Alice. Using Unity it is easier to produce 
interesting and entertaining results, which is important for 
serious games, games and visualizations.  

After developing and comparing prototyped ISVs in both 
packages, we choose to use Unity1 because of the more 
realistic visualization and the better functional and graphical 
possibilities. To evaluate the adequateness of this decision 
we developed a small questionnaire to enquire a panel. This 
will be discussed in Section 5.  

For the content of the ISV, existing written scenarios 
from a multidisciplinary home care development project 
were taken as a case study [18]. The story in the virtual 
environment is based on an interaction graph, or interactive 
story graph. Interaction graphs ease the administration of 
choices in the story design and the tracking of logical 
sequences. An example is shown in simplified  

                                                             
1 For the development of the ISV we used the freely available Unity 

Indie version. However, later we acquired a Unity Pro license, in order to 
achieve more professional results. 

User enters 
scenario Walk around

Found 
screen?

Show todo list on 
screen

Do 
exercises?

Take 
medication?

Do exercises Take medication

 
 

Figure 1.  Simplified flow chart representing the interaction graph of the 
scenario visualization. When the user finds a screen, a todo list is displayed 
with activities to conduct. The screen in the scenario visualization is visible 

in Figure 2, inset on the right. 

form in Figure 2. Diamonds (choices) refers to interactivity 
in the scenario; sequential (movie-like) scenes may start in 
the processes that follow (eg. ‘take medication’).  

The control flow of the visualization becomes clear 
through the use of the interaction graph. However, the 
available options should be presented to the viewer of the 
ISV in a consistent and clear way as well [19]. Hereto, 
different dialogue box designs were tried. 

IV. RESULTS 
In Unity, an interactive virtual environment is created. 

This environment is inspired by the actual nursing home 
‘Parc Hoogveld’ in Sittard, the Netherlands.  It shows two 
elderly apartments, a nurse office and a corridor connecting 
these three spaces, as visible in Figure 2. The interactive 
scenario evolves around the role of one of the inhabitants in 
his apartment; he is able to use the installed home care 
system freely. The concept of this home care system is an 
easy to access touch screen on the wall, offering services like 
medication reminders, agenda, social interaction and aid in 
doing exercises. The system can also be accessed through the 
TV in the living room, as indicated by the two screens in the 
inset on the right. Once the user is in the vicinity of the 
screen, the options of the home care system become usable 
as shown by the Figure’s inset on the left. The graphical 
interface in the virtual world is similar to the actually 
prototyped version [20-21]. 

In this ISV, different services of the home care system 
can be explored from the viewpoint of both care receiver and 
caregiver. Thereto, interactive parts are combined with 
sequential scenes. An important point of attention in this 
regard is the self-explaining property of an ISV: depending 
on the intended use of the ISV, the visualization should be 
more or less self-contained. This means that for our 
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discussion purposes, audio and visual comments were added 
alongside the visualization. However for standalone 
operation, these comments should indeed replace a person 
presenting the ISV. In that case extensive hints for the 
operation of the ISV should be added. were tried. 

Figure 2.  Virtual nursing home. The large photo shows 2 apartments and 
a nurse office. The inset on the right shows 1 apartment, its inhabitant (the 
main character played by the user in the visualization) and the two screens 
(1 on the wall and 1 as TV in the lower right) of the home care system. In 
the inset on the left, the screen on the wall is active, showing Agenda, 
Photo Album, Television and Video Telephony options to explore by the 
user.) 

V. EVALUATION 
We performed a small evaluation to assess the attitudes of a 

focus group towards the visualization. The focus group 
consisted of (n=10) people, which is not large enough for rigid 
conclusions, but does provide some circumstantial evidence on 
the adequateness of developing ISVs. Five of the members of 
the focus group work in academia, 2 are care professionals, 2 
work in SMEs in care technology industry and 1 at an ICT 
enterprise. To prevent a pro-adoption bias, they were not asked 
beforehand to participate in a focus group study. After an 
explanation and demonstration of the visualization, a 
questionnaire was handed out. 

Using a 5-point Likert scale (totally disagree coded as ‘1’, 
totally agree coded as ‘5’), we measured whether or not 
scenario visualization: 

1) Clarifies innovative care scenarios;  
2) Gives insight in the care platform’s proposed  

functionality;  
3) Gives insight in the platform’s technical requirements; 
4) Eases giving feedback on the development of the 

platform. 
 

Beforehand, non-negative outcomes were expected, except 
for (3). Question 1-3 are inspired on the FICS framework  

 
(clarification of interaction (1), functionality (2) and technical 
/service requirements (3)) whereas question 4 is used to assess 
the clarification the ISV was supposed to bring.  

The results of the evaluation are shown in Table 1. 
Constructs 1, 2, and 4 (clarification, functionality and 
feedback) scored positive attitudes. Scores on construct 3 
varied. This indicates disagreement between the stakeholders 
on whether or not the visualization gave insight in the technical 
requirements of the platform. This is somewhat surprising as it 
was not in the aim and implementation of the visualization to 
clarify technical details, so a more ‘confirming’ disagreement 
was expected.  

VI. OUTLOOK 
 Although this paper focuses on interactive scenarios for 

discussion and development purposes, ISVs may just as well 
play a role in later phases of the product lifecycle.  In this 
section, we discuss two challenges based on expert talks with 
the focus group members and other professionals from care 
industry:  

(i) using ISVs to train users in the operation of an actual 
system once implemented, and  

 



TABLE I.  RESULTS OF SURVEY FOR NON-ACEDEMIC (NAX) AND 
ACADEMIC (AX) FOCUS GROUP MEMBERS. LIKERT-SCALE ITEMS FOR 
CONSTRUCTS I-IV CODED ARE AS 1..5. PANEL ANSWERS VARY ON USEFULNESS 
FOR GIVING INSIGHT INTO TECHNICAL REQUIREMENTS, BUT ARE MORE 
CONSISTENT ON CLARIFICATION OF INNOVATIVE CARE CONCEPTS, USEFULNESS 
FOR GIVING INSIGHT INTO THE SYSTEMS’ FUNCTIONALITIES, AND TO EASE IN 
GIVING FEEDBACK ON THE PRESENTED SYSTEM.  

 

(ii) connecting ISVs to data sources, to generalize the use 
of ISVs to other settings (in our case study e.g., using it for 
exercise purposes), and to make the ISV even more dynamic. 

For many years, visualizations are used for training 
purposes, e.g. in flight simulation. Hence, an ISV can be used 
to demonstrate usage, and train users of the system. A 
challenge in this regard is to train end-users, in our case elderly 
and nurses, in using the home care system by demonstrating the 
functions and by showing them the overall functioning of the 
system. In this way, users may gain understanding on what the 
care system offers to the different parties involved.  Using the 
ISV, it is e.g. shown how the home care system reminds the 
client on medicine intake using one of the screens, or how the 
system notifies care professionals in case of emergencies. 

On the other hand, ISVs can also be extended to make use 
of other information sources such as web services, electronic 
client dossiers or training programs. This way, interactive 
visualizations can be used for more applications. An example 
related to the case study is the use of ISVs in physical exercise 
training environments: the client follows exercises shown in the 
virtual home. The ISV becomes an instrument for giving 
feedback at training sessions, which opens up new possibilities 
for teletreatments. 

Currently, we are developing a physical exercise training 
program, aimed at COPD patients. These patients must follow 
the example movements of a virtual agent in the 3D 
environment, also known as ghosting. The movements to 
follow have been captured by the XSens Moven motion 
capturing suite [www.xsens.com] and will be used in the 
virtual environment to demonstrate the exercises in a 
customizable way. E.g., speed and number of repetitions can 
easily be modified. A further step would be to give direct 

feedback (via the screen) or indirect feedback (by a 
professional) on the training performance, by measuring 
exercise execution using motion sensors. In this way, the 
exercise execution can also be stored, or the exercise program 
can be carried out simultaneously among different clients in 
their own homes. 

VII.  CONCLUSION 
This paper proposes interactive scenario visualization (ISV) 

as an extension of scenario-based design methods. We showed 
how interactive scenario development can be used beneficially 
in the process to develop a new telemedicine system. ISVs 
make scenarios more dynamic in storytelling and they are more 
flexible than other visualization techniques. Scenario 
visualizations can be created rapidly nowadays, are appealing 
to work with, and can be extended or modified easily without 
the need of producers or experienced professionals.  

In a small evaluation, we noticed that the ISV was received 
well with respect to clarification and functional aspects: It 
seems to be promising to use interactive scenarios to clarify 
care innovations, to give insight in care system functionalities 
and to gain feedback of stakeholders. However discussing 
technical requirements of a system to be designed is more 
difficult; such discussions do not benefit from scenario 
visualization directly. Attention should be paid to the degree to 
which the ISV is self-contained: a visualization that runs 
autonomously requires more audiovisual guidance than the ISV 
developed in the present study. The current state-of-the art 
enables generalization of the use of ISVs to other settings and 
domains. 

ACKNOWLEDGMENT 
Fred Vuijk and Herjan Treurniet, Douwe Bart Mulder and 

Jan Kolkmeier (students at the Remote Monitoring and 
Treatment Group vs. Creative Technology educational 
programme) are acknowledged for their contributions to the 
creation of the visualizations. 

REFERENCES  
[1] Sutcliffe, A.; "Scenario-based requirements engineering," Requirements 

Engineering Conference, 2003. Proceedings. 11th IEEE International , 
vol., no., pp. 320- 329, 8-12 Sept. 2003 
doi: 10.1109/ICRE.2003.1232776  

[2] Alexander, I.F., Maiden, N., “Scenarios, Stories, Use Cases: Through 
the Systems Development Life Cycle,” Chichester: John Wiley, 2004 

[3] Tanriverdi, H., Iacono, C.S., “Diffusion of telemedicine: a knowledge 
barrier perspective,” Telemed J 1999;5:223–44.  

[4] Carroll, J.M., “The Scenario Perspective on System Development,” in 
John M. Carroll (Ed.), Scenario-Based Design: Envisioning Work and 
Technology in System Development, pp.1-17, John Wiley & Sons, 1995. 

[5] Carroll J.M., “Five reasons for scenario-based design,” Interacting with 
Computers, Volume 13, pages 43 – 60, 2000. 

[6] Jarke, M., “Scenarios for Modelling.” Communications of the ACM. 
1999, Vol. 42, pp 47-48. 

[7] Hsia, P., Samuel, J., Gao, J., Kung, D., Toyoshima, Y., & Chen, C. 
(1994). Formal Approach to Scenario Analysis. IEEE Software, Vol. 11, 
No. 2, Mar. 1994, pp. 33-41. 

[8] Benyon, D., Macaulay, C., “Scenarios and the HCI-SE design 
problem,” Interacting with computers, 14, 397 –405.  

Resp. 
nr. 

Survey constructs 
Clarify  

(i) 
Functionality 

(ii) 
Technical 

(iii) 
Feedback 

 (iv) 

NA1 5 4 3 4 

NA2 4 3 3 2 

NA3 5 4 1 5 

NA4 4 4 3 4 

NA5 4 4 3 4 

A1 3 4 2 5 

A2 3 4 4 4 

A3 4 4 3 4 

A4 4 4 3 4 

A5 4 5 2 5 

 



[9] Widya, I.A. and Bults, R.G.A. and van Beijnum, B.J.F. and Sandsjö, L. 
and Schaake, L. and Huis in 't Veld, M.H.A. and Jones, V.M. and 
Hermens, H.J., “Requirements Elicitation in a Telemedicine Pain-
treatment Trial.,” 17th IEEE Int. Requirements Engineering Conf. , 31 
Aug - 4 Sep 2009, Atlanta, GA, USA. pp. 309-314. IEEE Computer 
Society Press. ISSN 1090-705X ISBN 978-0-7695-3761-0.  

[10] Kaindl, H., "A design process based on a model combining scenarios 
with goals and functions," Systems, Man and Cybernetics, Part A: 
Systems and Humans, IEEE Transactions on , vol.30, no.5, pp.537-551, 
Sep 2000 

[11] Huis in ‘t Veld, R.M.H.A., Widya, I.A., Bults, R.G.A., Sandsjö, 
Hermens, H.J., Vollenbroek-Hutten, M.M.R., “A scenario guideline for 
designing new teletreatments: a multidisciplinary approach,” Journal of 
Telemedicine and Telecare, 2010, 16, pp. 302-307. 

[12] Zudilova-Seinstra, E., Adriaanse, T., van Liere, R., “Trends in 
interactive visualization : state-of-the-art survey,” Springer London 
Ltd., 2008. 

[13] McGee-Lennon, M.R., Gray, P.D., “Including Stakeholders in the 
Design of Homecare Systems: Identification _and Categorisation of 
Complex User Requirements,” INCLUDE Conference, 2007. 

[14] Taekman, J.M., Shelley, K., “Virtual Environments in Healthcare: 
Immersion, Disruption, and Flow,” International anesthesiology clinics 
[0020-5907] 2010 vol:48 no 3 pp. 101-120. 

[15] www.alice.org. Last visited 11 December, 2010. 
[16] Cooper, S., Dann, W., Pausch, R., “Alice: a 3-D tool for introductory 

programming concepts,” In Proceedings of the Fifth Annual CCSC 

Northeastern Conference on the Journal of Computing in Small Colleges 
(Ramapo College of New Jersey, Mahwah, New Jersey, United States). 
J. G. Meinke, Ed. Consortium for Computing Sciences in Colleges. 
Consortium for Computing Sciences in Colleges, 107-116. 

[17] www.unity3d.com. Last visited: 11 December, 2010. 
[18] van ‘t Klooster, J.W.J.R., van Beijnum, B.J.F., Hermens, H. J., “Putting 

the Patient at the Centre: Making Telemedicine Services Personal 
Again,” In: Proc. of the 3rd Int. Conference on Pervasive Computing 
Technologies for Healthcare, Pervasive Health 2009, 31 March - 3 April, 
London. 6071. ICST. ISBN 978-963-9799-42-4 

[19] Kulyk, O., Kosara, R., Urquiza, J., and Wassink, I., “Human-Centered 
Aspects,” pp. 13-76. In Human-Centered Visualization Environments, 
A. Kerren, A. Ebert and J-J.C. Meyer (eds), Springer Verlag, Berlin, 
ISSN 0302-9743, ISBN 978-3-540-71948-9, 2007. 

[20] van ‘t Klooster, J.W.J.R., van Beijnum, B.J.F., P. Pawar, Sikkel, N., 
Meertens, L.O., Hermens, H.J., “What Do Elderly Desire? A Case For 
Virtual Communities,” International Workshop on Web Intelligence & 
Virtual Enterprises, Thessaloniki, Greece, October 7-9, 2009.  

[21] Scholten, M., “The user-centred design of a social communication 
system for the elderly,” MSc thesis, University of Twente, 2010. 

 
 
 
 

 


