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Abstract. Healthcare web-application development teams involve non-
computer experts working (clinicians) on the requirements specification that is 
later processed by software engineers/analysts (conceptual model) and coded by 
software programmers (software project). The management of this process, 
which involves different levels of abstraction and professionals with different 
backgrounds, is often complex. As such, mediators and facilitator’s mecha-
nisms for the requirements-gathering process and information transfer are need-
ed. The main purpose of this work is to minimize the problems associated with 
this complex process, supporting the requirements engineering process of a 
healthcare web-application in a rapid prototyping model. The results proved 
that a rapid and functional prototyping model can improve the effectiveness of 
the requirement elicitation of any software development.   

Keywords: healthcare web-application, software, requirement engineering, re-
quirement elicitation, mockups, prototyping. 

1 Introduction 

The success of any software depends on how well it fulfills the needs of its users and 
of its environment. Software requirement comprises these needs and Requirements 
Engineering (RE) is the process by which the requirements are determined, being a 
fundamental part of the development process of any software. The first stage of the 
RE process, commonly known as requirement elicitation, is recognized as one of the 
most critical activities of the entire development lifecycle, since it is the stage where 
the main stakeholders are identified and involved in order to specify, analyze, and 
define the software goal and respective software requirements. It is a negotiation pro-
cess during which intense capturing, combination and dissemination of knowledge 
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occurs, and different stakeholders exchange information about the context, and the 
tasks that will be supported by the software under development [1]. However, the 
involvement of stakeholders is not always an easy process, and the degree of their 
involvement depends on several factors, such as: (i) newness of the project; (ii) de-
gree of complexity of the system; (iii) techniques and methods used by the analyst to 
promote the elicitation and validation the requirements, and; (iv) the geographical 
dispersion of potential users, which can difficult the joint meetings usually required to 
identify and validate the requirements. 

Particularly in the health domain, the low rate of technology acceptance and the 
percentage of software projects that have failed in this area continue to be a phenom-
enon that has placed challenges to researchers that work in this knowledge area. The 
literature indicates that non-acceptance of a particular technology is frequently asso-
ciated with the non-involvement of potential users in the development process, and a 
great part of the failed projects are due to the lack of systematic considerations of 
human aspects throughout the design process [2, 3]. Regardless of application domain 
of the software/Information System (IS), the involvement of the users, although im-
portant at all stages of the project, requires a special attention in the early stages of the 
process and should be mediated with a set of techniques and methods appropriate to 
the context and type of problem.  

Accordingly, there are different methods and techniques that are used by system 
analysts to manage the RE process, such as UML models, task analysis, and prototyp-
ing. Within the scope of prototyping, there are a variety of technological solutions that 
allow the creation of mockups, being Lumzy1 one of them. With tools like Lumzy, it 
is very easy to create mockups, share and send them to the stakeholders involved in 
design process in real-time, putting the emphasis on collaboration and interactivity, 
and promoting the clarification and validation of the software requirements, when the 
support team is geographically distributed. 

The aim of this work is to present our perspective on the requirements engineering 
process of a health information system, as well as the lessons learned from our expe-
rience with the development of a distributed web-application to support the Portu-
guese National Registry of Hemophilia and other Congenital Coagulopathies 
(NRH&CC), using Lumzy as the prototyping tool. To present this subject, this paper 
is structured in four sections. In section 2, an overview of the related work in the re-
quirements engineering and prototyping is presented. Section 3 presents our case 
study concerning the RE in a process of a health information system development 
using a prototyping model. Finally, in section 4, the main conclusions of the paper are 
presented.  

2 About Requirements Engineering and Prototyping  

In the software/Information System (IS) development context, a requirement is a 
property that a system must exhibit in order to meet the system’s motivation need. A 

                                                           
1 http://www.lumzy.com/ 
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software requirement is a property which must be exhibited by the software devel-
oped to solve a particular problem within one specific context. Requirements Engi-
neering (RE) is a science that studies, analyzes and documents the requirements, and 
is presented in the literature as a knowledge area of Software Engineering that speci-
fies, analyzes, and defines the product goal and functionalities of the final solution [4, 
5]. RE can be described as series of stages including elicitation, analysis, specifica-
tion, validation, and management of the software requirements. During the first stage 
of the RE process, which is referred to as the requirement elicitation phase, systems 
requirements are discovered, discussed and agreed by the stakeholders. This stage is 
defined by Pohl [6] as a core RE activity aiming to determine relevant requirements 
sources, to identify functional and non-functional requirements from these sources 
and to discover new requirements. RE activities are vital in ensuring successful pro-
jects and shortcomings in requirements elicitation can have a negative impact on the 
overall development process and consequently can lead to higher costs for the in-
volved organizations [7]. Furthermore, the task of requirements elicitation is highly 
collaborative and involves many stakeholders, including the users who interact with 
system and usually represent the domain experts. 

According to Sommerville [8], the process of requirements engineering is difficult 
for several reasons, emphasizing the fact that: (i) in many cases the users/clients2 are 
not completely sure about their real needs, and often don’t know what they want from 
the system, except in general terms; (ii) users/clients express requirements in their 
own language and with implicit knowledge of their work, and requirements engineers 
without experience in the user domain must understand these requirements; (iii) dif-
ferent stakeholders have different requirements, which they may express in different 
ways. 

To help the process of requirements engineering and minimize the difficulties in-
herent to this process, the literature presents a set of tools and methods to assist the 
organization of the requirements, consistency checking, preparation of the specifica-
tion, and formalization and validation of these requirements.  

Usually, requirements are obtained and documented in a natural language (list of 
textual requirements) after they are modeled using a formal requirements representa-
tion (e.g. UML models, task analysis) or figures (e.g. mockups) in order to validate 
the requirements. While techniques like interviews, questionnaires, user observation, 
workshops, brainstorming, card sorting, and think aloud are used to obtain the soft-
ware requirements, UML/Use-cases, task analysis methods and prototyping are  
examples of tools to model these requirements, providing mechanisms to assist a pos-
sible validation. However, few of these tools and methods provide any valuable help 
for obtaining, representing and validating the requirements by potential users who are 
geographically distributed and have no availability to attend to team meetings. 

A number of studies have considered prototyping as an excellent vehicle for re-
quirements discovery and validation [9, 10], since the prototype model can help elicit 
the requirement from the changing and complex environment, decomposing high-
level requirements into details.  Prototyping is a popular requirements elicitation 

                                                           
2 Non-technical stakeholders involved in requirements identification. 
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technique because it enables users to develop a real sense about final systems that 
have not yet been implemented [10]. Through the use of prototypes, users can identify 
the true requirements that may otherwise be impossible to identify, by visualizing the 
software systems to be built, being especially useful when there is a great deal of 
uncertainty about the requirements [11].  

In the RE context, prototypes can serve different purposes, and may be classified 
as low-fidelity prototypes and high-fidelity prototypes [12]. The low-fidelity proto-
types are those that do not resemble the final product, being widely used in the ex-
ploratory phase or in the early stages of system development. Usually this type of 
prototypes is simple, easy to produce and therefore involves low costs of production. 
The high-fidelity prototypes are closer to the final product and usually use the same 
techniques and materials in its development. This type of prototype has a much higher 
associated cost in comparison with the former type. Regarding the implementation, it 
is possible to classify the techniques of prototyping in two methods: throwaway or 
evolutionary prototyping. The former is the development of a prototype which aims to 
increase the quality of the requirements document and is generally based on the most 
complex requirements. This type of prototype is discarded after fulfilling its purpose. 
Examples of this type of prototype are the paper prototype and the wizard-of-Oz pro-
totype [13]. The wizard-of-Oz prototype is often used in situations with complex 
functionalities or situations needing to test new ideas, simulating system responses 
according to user actions. Evolutionary prototypes, on the other hand, are developed 
as a portion of the actual system and focused on the requirements that have already 
been well understood and new requirements are incrementally added, as the develop-
ment proceeds in an iterative manner.  

To meet the needs in the context of RE, and taking into account the cost/benefit re-
lationship of this process, low-fidelity prototypes of the throwaway type are the most 
used to obtain early feedback in uncertainty environments, being discarded after final-
izing its purpose. In order to assist the RE process through this type of prototype, 
there are a variety of tools (desktop or online applications),  that allow to draw 
mockups and create wireframes, such as Balsamiq, Visio Professional, OmniGraffle, 
Prototype Composer, ConceptDrawPro, SmartDraw, Pencil Project, MockFlow, 
fluidIA, Pidoco, or Lumzy. These tools include libraries with graphical elements, 
which enable managing and publishing information elements, as well as incorporating 
new graphical components [13]. A prototype generated by such tools have the same 
advantages as a paper prototype, having a low cost, easiness of construction and use, 
and providing an interface that allows the user to perceive that is using a disposable 
prototype. Additionally it inherits some useful features of the wizard-of-Oz proto-
types, and even of the evolutionary prototypes, to the extent that it’s possible to in-
clude interactivity, with actions responding to user events. With this type of tools, 
clients can design their own interface as they would like to use it, simply dragging 
components into the canvas. Some of these tools also have the particularity to be ac-
cessible online, thus not requiring any additional software installations by the user. 

With Lumzy, the tool used in our case study, is very simple to create mockups, 
share and send them in real-time to the stakeholders involved in the design process. 
Lumzy is a web-based wireframing tool for rapid user-interface prototyping,  
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emphasizing collaboration and interactivity, as well as promoting the clarification and 
validation of the software requirements without the presence of stakeholders in the 
same geographical space. Lumzy represents a powerful simulation software that ena-
bles users to rapidly build functionalities without writing code, offering both technical 
and non-technical users to experience, test, collaborate and validate the simulated 
program, also providing reports with annotations. 

This paper reports a case where a rapid prototyping was adopted to elicit and vali-
date the system requirements at a healthcare level and Lumzy was the tool used to 
mediate and manage the RE process.  

3 Practical Application: Requirements Engineering Process in a 
Health Information System (IS) Using Lumzy Prototyping  

This work aims to present the requirements elicitation process of a health information 
system (Health-IS) development, as well as the lessons learned from this experience. 
The Health-IS involved is a distributed web-application to support a National Registry 
of Hemophilia and other Congenital Coagulopathies (NRH&CC) in Portugal, and 
prototyping was the main technique used in the requirements elicitation.  

3.1 Motivation and Overview of the Project (Health-IS) 

The present project is a joint initiative between the hemophilia healthcare profession-
als, represented by the Portuguese Association of Congenital Coagulopathies (PACC) 
and a group of researchers from the University of Aveiro (UA) responsible for analyz-
ing, developing and implementing the technological solution. 

The lack of a NRH&CC in Portugal, associated with the difficulty that clinicians of 
this area faced in order to manage this specific patient information, motivated a group 
of physicians to search for a technological solution that allowed to facilitate and opti-
mize the information management process. Thus, the need arose to develop a project 
that led to the creation of the NRH&CC in Portugal, and the PACC members consti-
tuted themselves as the main clients/users of this project, using their experience as a 
basis for the requirements definition process. The University of Aveiro (UA) was 
designated to develop the project, having the responsibility to conceptualize, encode 
and implement the technological solution (named hemo@record). Given the complex-
ity of the project, which involved a broad range of demographic, social and clinical 
data, and the geographic dispersion of the users/clients responsible for defining the 
requirements (associated with the limited availability), the process of Requirements 
Engineering emerged as the main challenge of project. 

3.2 Requirements Engineering Process Using a Prototype  

The process of developing an application with the described features is always com-
plex, as in addition to the development team members having very diverse back-
grounds, they are geographically dispersed. In order to perform the process of  
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requirements engineering of this project, we chose to use a mediator and facilitator 
method for obtaining and managing the requirements, specifically the throwaway 
prototyping method, which consisted of a development lifecycle model by which a 
prototype is created for demonstration and requirements elicitation. The sequence of 
the steps followed using this technique is described below and depicted in Figure 1. 

 

Fig. 1. Phases of the requirement engineering process 

First Step (Start-up Meeting). The process started with a meeting attended by the 
members of PACC (users and clients of the project) and the members of the team 
responsible for the development, having been defined the objectives as well as the 
high-level requirements to include. This meeting produced a first draft of the Re-
quirements Specification Document (RSD) in a text format, with some very high-
level requirements. 

Second Step (1st Version of Prototype Building). Given the high level requirements 
defined in phase 1, complemented with the results of a previous study of the authors 
[14] and based on the analysis of the national reporting systems already implemented 
in other countries, the systems analyst drafted the first version of the prototype (des-
ignated prototype-hemo@record), using the Lumzy prototyping tool. This version of 
the prototype included a set of requirements not yet validated by the stakeholders. The 
purpose for this inclusion was to stimulate the curiosity of the stakeholders, forcing 
them to validate and possibly to add missing requirements and/or delete irrelevant 
requirements. As can be seen in Figure 2, this version structured the information 
through a side menu, which according to the selection of the user allowed to access 
several interfaces for data entry or present the information displayed in different for-
mats, descriptive text and graphics representations. 

It should be noted that Lumzy, despite its easiness of use, can still cause some re-
sistance from users without computational background if not properly contextualized 
and introduced in the environmental analysis. In order to eliminate this barrier, we 
prepared a small manual of instructions, which was sent to each participating stake-
holder, with the access codes to use the prototype-hemo@record application. Eight 
invitations were sent to eight clinicians and future users of the technological solution. 
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Fig. 2. First version of the prototype-hemo@record: same examples of mockups (in Portu-
guese) 

Third Step (1st Prototype Validation and Reformulation). After sending the invi-
tations with the access credentials and instructions, the clients/users were encouraged 
to use and test the prototype, being able to change, remove or add new features. This 
phase took place over three months, involving an iterative and incremental process of 
evaluation and redesign of the prototype. As the prototype was modified, the analyst 
gathered the main features and the necessary data for defining the conceptual model 
and, at the same time, was able to understand the main difficulties of the users. Dur-
ing this phase, the analyst also had an important role in the maintenance of the proto-
type, ensuring the organization of the elements (icons) that were placed by the users 
on the interface, and, in some situations, converting the requirements inserted by the 
users in the annotation format, in actual functionalities of the prototype. Based on this 
prototype version, the functional requirements were identified. In terms of non-
functional requirements, the analyst became aware of difficulties in using the proto-
type by some users, more specifically on the usage of the navigation system. The 
information did not appear to be easily found by users, causing them to replicate on 
certain pages, the information already presented on others. The identification of these 
difficulties prompted the need to rethink the organization of the information and the 
navigation mechanism, thus resulting in a new version of the prototype-
hemo@record. 

Fourth Step (2nd Version of Prototype Building). This version included all the 
requirements already identified in the previous version, and a completely restructured 
layout and navigation mechanism (Figure 3). At this stage, and taking into account all 
the requirements previously identified, the analyst, in collaboration with the  
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developers of the system, proposed a new navigation mechanism, specifically orient-
ed to processes. Each information process would be presented in the first interface 
(Figure 3 – Interface A), with the sub-processes being presented in the subsequent 
interfaces. Thus, all the information not relevant to the process involved would be 
hidden. 

After this restructuring, a new version of the prototype was submitted to be evalu-
ated by the same group of eight users, in order to validate the functional requirements 
in the new layout, while at the same time, testing some non-functional requirements. 
The access to the previous version was maintained, to allow to perform direct com-
parisons with the new version, thus allowing the users to indicate the version they 
found more intuitive and easier to use in the scope of the tasks they needed to  
perform. 

 

 

Fig. 3. Second version of the Prototype-hemo@record: same examples of the mockups (in 
Portuguese) 

Fifth Step (2nd Prototype Validation and Reformulation). This version was iterat-
ed until the users were satisfied with the system and lasted about two weeks. Alt-
hough this version does not add new functionalities, it allowed to analyze each of 
them with greater detail, since the tasks where unfolded to their most atomic ele-
ments. Moreover, this release was determinant in the selection of the type of system 
to implement (modular design), as the aspects related to the non-functional require-
ments, and more specifically the structure, organization and navigation, were  
assessed. Thus, a modular design was the selected approach, with each module re-
sponsible for implementing a single information process (workflow). 

A 
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3.3 Results: Using Mockups and Prototyping to Identify System 
Requirements  

After completing the process of requirements elicitation, performed iteratively and 
incrementally around the five phases previously presented, the analyst converted all 
the functional requirements identified in a formal representation, in order to facilitate 
the communication with the system programmers. For this representation, the UML 
notation was used, specifically the use-case diagrams to represent the actors and inter-
actions of these with the application, and the class diagram to represent the conceptual 
model of the application domain. 
 

Left Side: Examples of Mockups representations 

resulting from 2nd Prototype 

Right Side: Example of User Interfaces representa-

tions resulting from the final application 

 

 

 

 

Fig. 4. Mockups of the 2nd prototype and corresponding user-interfaces from the final application 
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Additionally, and as mentioned before, this process of requirements elicitation has 
also had a strong influence on the identification of some non-functional requirements, 
having the 2nd prototype a pivotal role in this issue. As such, 2nd prototype was  
thoroughly analyzed by programmers in order to develop the interface technology 
solution according to the mockups validated by users abreast of the functionalities 
identified in the use-case diagrams, and data model in a class diagram.  

In a nutshell, Table 1 summarizes the main activities of the present RE process, the 
stakeholders involved in each activity, as well as the main inputs and outputs. 

Table 1. Main activities, inputs and outputs of the RE 

Activities Start-up meeting 1st Prototype 2nd Prototype 

Stakeholders  
− Programmers 
− Systems analyst  
− Users /Clients 

− Systems analyst  
− Users /Clients 

− Programmers 
− Systems analyst  
− Users /Clients 

Times / Period of 
evaluation − One meeting − About three months 

− About two 
weeks 

Inputs − An idea and a re-
quirement 

− Outputs of the start-up meet-
ing; 

− results of a previous study of 
the authors [14] 

− Results of an analysis of the 
national reporting systems 
already implemented in other 
countries 

− Outputs of 
prototype 1 

− Experience of 
the  program-
mers 

Outputs (main 
results) 

− Objectives of the 
system 

− Some very high-level 
requirements 

− High-level functional re-
quirements 

− Some low-level requirements 

− Low-level 
requirements  

− Non-functional 
requirements 

4 Conclusions 

It is an established fact that shortcomings in requirements elicitation can lead to inad-
equate implementations, thus leading to higher costs in the development of any  
software [15]. Particularly in the phase of requirements elicitation (one of the main 
critical stages of RE), the participation and collaboration of the stakeholders are cru-
cial activities in the survey process and requirements elicitation. Beyond being a 
complex process, it can still become even more difficult if the stakeholders involved 
are geographically dispersed. 

In reality, and particularly in the areas further away from engineering and computer 
science, the largest part of the requirements is in the implicit knowledge and experi-
ence of potential users, being difficult to extract this knowledge without an active and 
collaborative involvement of those potential users (clients/users). Accordingly, tech-
niques that promote the requirements elicitation, and at the same time assist in  
converting the implicit knowledge (user experience) into explicit knowledge  
(documented knowledge) should be used.  
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In this article, and working in the domain of a complex health problem, the authors 
proposed a method for eliciting requirements based on participation, collaboration and 
negotiation of requirements by the different stakeholders of the project, supported by 
the method of prototyping. This method promotes an approach of stepwise refinement 
of requirements, starting with general ideas until the low-level requirements are 
achieved. Since this is a prototype, this method was also essential in the identification 
of some non-functional requirements that complemented the definition of the func-
tional requirements. 

This process involved a group of 10 members (8 of them physicians and future us-
ers), who started by defining the general objectives in a face-to-face meeting. After 
this meeting, the analyst designed the first version of the solution using Lumzy, hav-
ing thereafter sent individual invitations to other participants with a small user manu-
al. Each participant had access to the Web platform (using a login and password), and 
was able to define new requirements, modify existing and eliminate non-relevant ones 
by defining the interface required for each requirement. At the same time the partici-
pants used and modified the interface according to their needs, the analyst was noti-
fied of changes and collected the requirements. Several versions of the prototyping 
solution were achieved during this process, and the requirements were collected from 
a very broad and geographically distributed community of physicians, without the 
need to promote other joint meetings. In addition to the gathering of requirements, the 
platform allowed to drill-down into each requirement in terms of more elementary 
tasks, allowing the definition of the data model with full accuracy by the analyst.  

It should be noted that in this study the rate of participation in the definition and 
validation of the requirements through this platform exceeded our expectations and 
the results were very satisfactory. Based on the experience obtained with this case, it 
is possible to conclude that prototyping tools like Lumzy are very appropriate to use 
in the process of requirements gathering, when the system involved is complex, and 
dynamic in terms of its definition, and the stakeholders of the project are in dispersed 
locations. 

The results of the case study were promising, as they showed that for the example 
at hand, the method of requirements elicitation by prototyping can be crucial to the 
success of the software development project. 
 
Acknowledgments. This work is funded by National Funds through FCT - Founda-
tion for Science and Technology, in the context of the project PEst-
OE/EEI/UI0127/2014. We would also like to acknowledge the valuable contribution 
of the clinical professionals of Portuguese Association of Congenital Coagulopathies 
(PACC) for all the help in the requirements analysis. 

References 

1. Laporti, V., Borges, M.R.S., Braganholo, V.: Athena: A collaborative approach to re-
quirements elicitation. Computers in Industry 60(6), 367–380 (2009) 

2. Teixeira, L., Ferreira, C., Santos, B.S.: User-centered requirements engineering in health 
information systems: A study in the hemophilia field. Computer Methods and Programs in 
Biomedicine 106(3), 160–174 (2012) 



 Requirements Engineering Using Mockups and Prototyping Tools 663 

 

3. Teixeira, L., Ferreira, C., Santos, B.S.: Using Task Analysis to Improve the Requirements 
Elicitation in Health Information System. In: 29th Annual International Conference of the 
IEEE Engineering in Medicine and Biology Society, EMBS (2007) 

4. IEEE Recommended Practice for Software Requirements Specifications. IEEE Std 830-
1998, pp. 1–40 (1998) 

5. Abran, A., et al.: SWEBOK - Guide to the Software Engineering Body of Knowledge. 
IEEE Computer Society, California (2004) 

6. Pohl, K.: Requirements Engineering: Fundamentals, Principles, and Techniques. Springer, 
Heidelberg (2010) 

7. Meth, H., Brhel, M., Maedche, A.: The state of the art in automated requirements elicita-
tion. Information and Software Technology 55(10), 1695–1709 (2010) 

8. Sommerville, I.: Software Engineering, 8th edn. Addison-Wesley, Harlow (2007) 
9. Zhang, X., et al.: Applying evolutionary prototyping model for eliciting system require-

ment of meat traceability at agribusiness level. Food Control 21(11), 1556–1562 (2010) 
10. Fu, J., Bastani, F.B., Yen, I.-L.: Model-Driven Prototyping Based Requirements Elicita-

tion. In: Martell, C. (ed.) Monterey Workshop 2007. LNCS, vol. 5320, pp. 43–61. Spring-
er, Heidelberg (2008) 

11. Davis, A.M.: Operational prototyping: a new development approach. IEEE Software 9(5), 
70–78 (1992) 

12. Rudd, J., Stern, K., Isensee, S.: Low vs. high-fidelity prototyping debate. Interactions 3(1), 
76–85 (1996) 

13. Arnowitz, J., Arent, M., Berger, N.: Effective Prototyping for Software Makers, p. 624. 
Morgan Kaufmann Publishers Inc. (2006) 

14. Teixeira, L., Ferreira, C., Santos, B.S., Savedra, V.: Web-enabled registry of inherited 
bleeding disorders in Portugal: conditions and perception of the patients. Haemophil-
ia 18(1), 56–62 (2012) 

15. Teixeira, L., Ferreira, C., Santos, B.S., Martins, N.: Modeling a Web-based Information 
System for managing clinical information in hemophilia care. In: Conference Proceedings: 
Annual International Conference of the IEEE Engineering in Medicine and Biology Socie-
ty, vol. 1, pp. 2610–2613. IEEE Engineering in Medicine and Biology Society (2006) 


	Requirements Engineering Using Mockups and Prototyping Tools: Developing a Healthcare Web-Application
	1 Introduction
	2 About Requirements Engineering and Prototyping
	3 Practical Application: Requirements Engineering Process in a Health Information System (IS) Using Lumzy Prototyping
	3.1 Motivation and Overview of the Project (Health-IS)
	3.2 Requirements Engineering Process Using a Prototype
	3.3 Results: Using Mockups and Prototyping to Identify System Requirements

	4 Conclusions
	References




