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Abstract—this article describes the experience of 

developing an interactive Health Information System 

(iHIS) currently under test in a hospital, which benefited 

from the practices of the User-Centred Design (UCD), in 

a Participatory Design (PD) approach. Techniques from 

the Human-Computer Interaction (HCI) and/or 

Usability Engineering (UE), combined with traditional 

Software Engineering (SE), allowed an effective and 

usable solution from the user’s point of view. The good 

results usually achieved with this approach were 

confirmed. Despite these good results, we deem that if 

there is not some control of the procedure by the project 

manager, it may be difficult to end the requirement 

analysis, since requirement reformulation is fostered. 

I. INTRODUCTION 

he development process of interactive Health 

Information Systems (iHISs), albeit with major 

contributions coming from the Software Engineering (SE), 

has recently integrated methods from other knowledge areas 

to cover the social and human aspects associated with the 

interaction component. During the development process of 

this type of the Information System (IS), we must consider, 

not only the functional and technical specifications, but also 

all the aspects related to the user interface and the interaction 

process. From the user’s point of view, an IS is usually used 

and evaluated as a whole, and the separation between 

technical/functional and the user-interface components is not 

possible. However, conceptually these components can be 

designed using concepts from different knowledge areas. 

While the former is defined from the user's specification, 

and is generally addressed by SE, the user-interface 

component is associated with Human-Computer Interaction 
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(HCI) and/or Usability Engineering (UE). The development 

according to principles of User-Centred Design (UCD) 

arises from the attempt to merge best practices from these 

two knowledge areas (SE and HCI/UE), and the user is a key 

element in the development process, as well as the tasks and 

context of use. This approach may involve the user in an 

active or passive role. When the user is actively involved, 

i.e., she/he is integrated into the project team and 

participates in the decisions, we are facing a Participatory 

Design (PD) approach [1-2]. 

This article aims to present the experience of developing 

an iHIS currently under test in a hospital, which benefited 

from the practices of the UCD, in a PD approach. A set of 

techniques from the HCI and UE, combined with traditional 

SE, allowed an effective and usable solution from the user’s 

point of view. Based on this experience, and in accordance 

with the literature review, the good results that are usually 

achieved with application of UCD approaches in PD 

development are confirmed. However, despite these good 

results, experience with this project led to believe that if 

there is not a some control of the procedure by the project 

manager, the process of changing requirements can become 

endless, due to the favourable environment for a quick 

change of ideas, and consequently favourable to requirement 

reformulation.  

II. IHIS DEVELOPMENT USING A PARTICIPATORY DESIGN 

APPROACH: BACKGROUND AND PRACTICAL PROJECT 

In the context of the iHISs, the development approaches 

commonly used are based on a different logic than what is 

used in traditional industry. For a long time, the prevailing 

culture in this area has been to train people to adapt to 

technology and not adapt the technology to the 

characteristics of people [3]. However, some work in this 

domain has given methodological contributions that attempt 

to 'reverse' this paradigm, paying attention to human and 

social components of iHISs, and not just technical and 

technological aspects [4-5]. Other studies attempted to place 

the user in the central development process of the iHIS, 

arguing that is one of the most important steps to provide a 

quality product [6-7]. In fact, the literature confirms that the 

methods of analysis and design centred in the user, and 

focused on continuous assessment using iterative processes 

based on formative evaluation, have been the most sought in 

the development of iHISs [8-14]. 

In this article we present the development approach of an 

iHIS (hemo@care) [15-16] based on the principles of the 

UCD, and PD to help us engage users into the design and 
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bring in their tacit work knowledge. This approach was 

based on the analysis of the best practices in the 

development of ISs in healthcare reported in the literature, 

and resulted from a combination of techniques and methods 

from the HCI/UE with the traditional methodologies of SE. 

A.  Brief Description of hemo@care  

Hemo@care [15-16] is a Web-based application which 

aims to manage the clinical information in haemophilia care, 

as well as to support the process of registry and submission 

of the data generated in the home-treatments to the hospital 

where the patient is being monitored. In order to manage the 

data, this application has three actors: 'Patient' who has 

access to a restrict online area allowing the registry of all 

data generated from home treatments; ‘Physician’ 

responsible for the management of all patient’s clinical data; 

and 'Nurse' responsible for managing the stocks of the drugs 

used, as well as the registry of the hospital-treatments. 

B. Development approach 

The approach used in the development of hemo@care 

was inspired by UCD techniques in a Participatory Design 

(PD) environment, using an iterative and incremental 

process, supported by traditional methods of Object Oriented 

Systems Analysis (OOSA), fig.1. 

 

A
rt
e
fa
c
ts

E
v
a
lu
a
ti
o
n

 D
ire
ct 

Ob
se
rva
tio
n

An
aly
sis
 of
 

do
cu
me
nta
tio
n

Fo
cu
s 

Gr
ou
p 

 

Fig. 1: Iterative and incremental development approach based on 

principles of UCD in a PD environment. 

With this approach it was possible to confront the 

potential users with the artefacts resulting from the evolution 

of the iterative development, and, on that basis, to stimulate 

the discussion and obtain feedback in order to validate the 

previously found requirements, thus identifying new 

requirements. The UCD techniques contributed with 

mechanisms for gathering and evaluating data in order to 

understand the user needs in the specific context of the work. 

With the PD environment, mechanisms that allowed to 

integrate a group of potential users in the development team 

were used, having those users actively contributed to the 

(re)formulation of the system requirements. Two physicians, 

two nurses and one patient were part of the project team, and 

participated in scheduled meetings at appropriate times of 

the process. The OOSA component was supported by UML, 

used for documenting the results that emerged throughout 

the iterative development process and, whenever necessary, 

to report the results to other stakeholders (e.g. 

programmers), using a formal language.  

All the techniques and methods used throughout the 

development process of hemo@care were grouped into three 

major stages (exploratory, design and coding stage) each 

having a set of inputs and outputs, and benefiting from the 

contributions from different knowledge areas. Next, a brief 

description of each stage is provided, as well as the main 

techniques and methods that contributed to the results of 

each of them. 

Exploratory – This stage corresponds to the work in the 

early phases of the development process, and attempts to 

obtain the first data and the awareness of the problem 

domain. Analysis of documentation, direct observation and 

focus group were the main techniques used. These 

techniques were applied according to the principles of UCD 

taking into account the concepts of task, user and context. 

Their application has been combined in order to take 

advantage of methods triangulation and data triangulation, 

more specifically, to complete the information with new data 

obtained through new methods or techniques, while 

validating the previously collected data. The outputs of this 

stage are the understanding of the problem domain, and a set 

of data that allows construct a preliminary version of the 

Requirements Specification Document (RSD). This stage 

occurred in the first 3 months of the development cycle, after 

which we moved to the next stage.  

Design – This stage added to the previous one a notation to 

support the representation of the conceptual model. Using a 

model it is possible to represent and display a complete 

abstraction of a complex reality, as well as make easier the 

requirements communication to other stakeholders and thus 

validate previously found results. Three different techniques 

(OOSA, HTA and Prototyping) of representation and 

evaluation were used [11]. 

� Object-Oriented System Analysis (OOSA) – UML was 

the first technique adopted and was chosen within the 

traditional system analysis available techniques, based on 

a paradigm of Object Oriented (OO). Several models were 

built, particularly the Use Case diagram and the Class 

diagram. The Class Diagram was used to document the 

results in terms of data modelling, while the Use Case 

diagram was extensively used to validate the functionality 

with the users, and also to find missing features (new 

functionality). Within the focus group, potential users 

involved in PD were confronted with the artefacts in order 

to discuss them, criticize and make suggestions for 

reformulation. Given the abstract terminology used by 

UML notation, which can be unintelligible for people 
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without computing science background, a facilitator 

mechanism for model presentation was necessary, and 

thus we converted use-cases into short stories or narratives 

(user stories) to describe the purpose of the system. User 

feedback was also based on small reports and later 

converted in use-cases. After three iterations, as there were 

no changes in the model, we moved to the next technique. 

� Task Analysis – The second technique is widely used in 

the field of HCI, and was based on Hierarchical Task 

Analysis (HTA) [17]. The HTA representations were 

based on the outcome of the previous phase, where each 

complex use-case generated a HTA model. In this stage 

not all use-cases were converted into HTA models, but 

only the most complex involving a larger number of 

operations. The purpose of this stage was to validate the 

functionalities previously found, simultaneously trying to 

understand the user mental model in order to find the best 

sequence to present information within the scope of the 

functionality. This technique was also iterated three times.  

� Prototyping – This method, well known within the IHC 

but also widely used in the context of Requirements 

Engineering (RE) [18], was the third method applied to 

simulate the user interface in order to be validated by 

users. A low-fidelity prototype was chosen, more 

specifically a horizontal prototype, developed using the 

‘throw-away’ method. Mock-ups were created using 

HTML and placed in the logical sequence identified with 

the HTA. 

The three techniques were applied in an iterative and 

incremental process in the sequence they were presented. 

Table 1 presents some advantages that stood out in the 

design stage from the application of each technique. 

TABLE 1: ADVANTAGES VERIFIED WITH THE APPLICATION OF 

THE TECHNIQUES. 

Technique Advantage 
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� Suitable to the understanding users’ mental 

models; 

� Suitable for the identification of  sub-features 

and order of execution within high level 

functionalities; 

� Notation easy to understand and appropriated 

for the communication process among people 

with different backgrounds. 
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� Suitable for capturing navigability issues; 

� Suitable to capture emerging requirements; 

� Easy to understand model, promoting greater 

enthusiasm for participation in users. 

Coding – The conceptual model emerging from the previous 

stage was converted into executable code, using an agile 

development approach, more specifically, eXtreme 

Programming (XP) [19]. This approach was chosen since 

the development is made by iterations, getting feedback 

quickly from the users through the test of the software 

versions. This approach is very consistent with the practice 

of UCD, and presents characteristics of an evolutionary 

prototype, which makes it suitable for projects that require 

dealing with unpredictable and rapidly changing 

requirements, as in the healthcare domain. 

C. Summative Assessment of hemo@care: task observation, 

heuristic evaluation and test in real environment 

After completing the hemo@care development, and 

according to principles of UCD in a PD environment, the 

application underwent, in a first phase, a summative 

evaluation based on task observation and heuristic 

evaluation. The purpose of this evaluation was to obtain 

feedback from a small group of analysers with expertise in 

HCI in order to identify usability problems. 

The heuristic evaluation was performed by two evaluators 

on the basis of ten usability heuristics proposed by Nielsen 

[20]. Regarding the task observation, the emphasis was 

placed in the ‘Patient’ interface, not only because patients 

were less represented throughout the development process 

(only one patient was part of team), but also since patients 

can have very different profiles. Thus, 15 tasks of the role 

'Patient' were chosen for evaluation, some were common to 

the 'Nurse' and 'Physician' roles. This type of evaluation 

involves the collaboration of users and observers. In this 

particular case, each observer had prior training, in order to 

record users’ problems and comments, while the users try to 

complete the tasks without help. The data obtained from task 

observation and heuristic evaluation revealed positive 

results. Small improvements were made at the 'Patient' 

interface, regarding the interface design, and also in 

relocating some features which, by their importance, 

appeared in a place not salient enough. However, it should 

be noted as a limitation to the observation tasks test, that the 

observed group may not be entirely representative of the 

potential users, since they were not domain experts.  

In a second phase, some informal evaluation was made. 

This covered the roles 'Physician' and 'Nurse', and was based 

on evaluations with real data and in a normal working 

environment. The users used a test application, simulating 

the use of a final solution, while they recorded all the 

difficulties felt with data entry and/or with information 

visualization. This type of evaluation, even if it does not use 

a formal protocol, requires the full involvement of users in 

many cases without the presence of any member of the 

development team. The registry of all the difficulties 

experienced by the user is very important to understand the 

real usability problems and in a next stage, implement the 

necessary improvements. In this particular case, this 

evaluation helped implementing minor improvements in 

hemo@care. The results obtained so far allowed confirming 

that the iterative and incremental approach based on 
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principles of UCD in a PD environment is adequate to 

develop iHISs as hemo@care. 

III. CONCLUSION 

Many researchers have recognized the importance of 

human and social factors for iHIS design; however, actual 

methods that account for social factors in the development 

process are largely unavailable [14]. The combination of 

techniques and methods of different knowledge areas can be 

a good solution, and PD helps in socio-technical design.  

The development of the hemo@care has experienced one 

of these combinations and the present article described its 

process according the principles of the UCD, in a PD 

environment. This approach, in accordance with the 

literature, proved to be one of the most adequate to develop 

interactive ISs, applied in environments characterized with 

dynamic requirements, as the healthcare sector. In fact, 

developing interactive, reliable, effective and easy to use 

ISs, with a low learning curve is a challenge that the 

software development industry is facing. In the healthcare 

sector, characterized by extremely complex processes 

changing through time, and where the success of the ISs 

heavily depends on their reflection taken at the level of 

social and human aspects, traditional approaches to 

development will naturally have better results when 

integrated with knowledge coming from disciplines that 

involve the understanding of human and social factors, such 

as IHC and the UE. PD is an example of such approach and  

is based on proactive design methods that explicitly 

advocate active user participation throughout the design 

process [14]. The good results obtained in this experiment 

are most probably due to the fact that users were involved 

throughout the development process, contributing with their 

tacit work knowledge. However, despite these good results, 

we believe that if there is not some control of the procedure 

by the project manager, the process of requirements analysis 

can become endless, due to the favourable environment for 

quickly changing ideas, and consequently favourable to the 

reformulation of the requirements.  
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