
UNIVERSITÉ DE SHERBROOKE 

Faculty of Medecine 

Department of Public Health 

Clinical Sciences Program 

Integrative Architecture for Clinical Information Systems: Major 

Study in Robotic Technology for Home Care, with Minor Validation 

Study in Oncology 

By David Iannuzzi, 05580034 

Presented to Professors: 

Dr. Andrew Grant 
Dr. Patrick Boissy 

Dr. François Michaud 
Dr. Michel Tousignant 

Dr. Sylvain Giroux 

Master of Science Thesis 

Date submitted: February 14, 2008 



l+I Library and 
Archives Canada 

Bibliothèque et 
Archives Canada 

Published Heritage 
Branch 

Direction du 
Patrimoine de l'édition 

395 Wellington Street 
Ottawa ON K1A ON4 
Canada 

395, rue Wellington 
Ottawa ON K1A ON4 
Canada 

NOTICE: 
The author has granted a non-
exclusive license allowing Library 
and Archives Canada to reproduce, 
publish, archive, preserve, conserve, 
communicate to the public by 
telecommunication or on the Internet, 
loan, distribute and sell theses 
worldwide, for commercial or non-
commercial purposes, in microform, 
paper, electronic and/or any other 
formats. 

The author retains copyright 
ownership and moral rights in 
this thesis. Neither the thesis 
nor substantial extracts from it 
may be printed or otherwise 
reproduced without the author's 
permission. 

ln compliance with the Canadian 
Privacy Act some supporting 
forms may have been removed 
from this thesis. 

While these forms may be included 
in the document page count, 
their removal does not represent 
any loss of content from the 
thesis. 

• •• 
Canada 

AVIS: 

Your file Votre référence 
ISBN: 978-0-494-37879-3 
Our file Notre référence 
ISBN: 978-0-494-37879-3 

L'auteur a accordé une licence non exclusive 
permettant à la Bibliothèque et Archives 
Canada de reproduire, publier, archiver, 
sauvegarder, conserver, transmettre au public 
par télécommunication ou par l'Internet, prêter, 
distribuer et vendre des thèses partout dans 
le monde, à des fins commerciales ou autres, 
sur support microforme, papier, électronique 
et/ou autres formats. 

L'auteur conserve la propriété du droit d'auteur 
et des droits moraux qui protège cette thèse. 
Ni la thèse ni des extraits substantiels de 
celle-ci ne doivent être imprimés ou autrement 
reproduits sans son autorisation. 

Conformément à la loi canadienne 
sur la protection de la vie privée, 
quelques formulaires secondaires 
ont été enlevés de cette thèse. 

Bien que ces formulaires 
aient inclus dans la pagination, 
il n'y aura aucun contenu manquant. 



UNIVERSITÉ DE SHERBROOKE 

Faculté de médecine 

Département de la santé communautaire 

Programme des sciences cliniques 

Une architecture intégrée pour des systèmes d'information 

cliniques: Étude majeure en technologie robotique pour des soins à 

domicile, avec une étude mineure en oncologie 

Par David Iannuzzi, 05580034 

Travail présenté aux Professeurs: 

Dr. Andrew Grant 
Dr. Patrick Boissy 

Dr. François Michaud 
Dr. Michel Tousignant 

Dr. S y 1 vain Giroux 

Dans le cadre du mémoire de maîtrise ès sciences 

Date soumise: le 14 fevrier 2008 



Sommaire français 

Le contexte de cette recherche est de supporter l'autonomie des personnes âgées en 
utilisant une nouvelle technologie, notamment un robot mobile de grandeur moyenne employé 
comme une plateforme de téléprésence permettant aux utilisateurs de se déplacer, de visualiser, 
d'entendre et d'interagir avec les patients à domicile. Cet nouvel outil requiert le dévelopement 
d'un système d'information qui servira à l'ensemble des soins et la relation entre les soins et la 
personne âgée. Pour se faire, l'informatique de la santé requiert une méthodologie intégrée 
combinant efficacement les différentes perspectives des intervenants afin de développer un 
système d'information complètement fonctionnel. L'objectif principal de cette recherche est le 
développement de l'architecture d'un robot mobile téléopéré pour des soins à domicile. Un 
objectif secondaire du présent travail est de dériver une méthodologie généralisée applicable 
dans d'autres applications de santé. Cette validation s'effectue en evaluant la transférabilité de 
cette méthodologie pour la conception d'une architecture informationnelle d'une clinique externe 
en oncologie. La méthodologie est fondée sur un dispositif d'analyse du processus d'affaires 
incorporant le cadre analytique de Zachman, les validations itératives et une méthode pour 
développer l'architecture du système. En appliquant cette méthodologie au projet du robot 
mobile, une architecture complète est spécifiée et validée à partir de dix cas d'utilisation. Il en 
résulte l'identification de trois interfaces, notamment l'interface des soins, l'interface du dossier 
patient et l'interface du téléopération. 

English Summary 

The context of this research is in support of autonomy for the elderly and includes the 
opportunity to use new technology, specifically a medium-size mobile robot employed as a 
telepresence platform allowing remote users to move, see, hear, and internet with patients at their 
homes. This new technology requires the development of an information system that will serve 
the overall care and help optimize the relationship between care and the elderly patient. To 
accomplish this, health informatics requires an integrative methodology to effectively combine 
different stakeholder perspectives into a fully functional information system. The principal 
objective of this research is to develop architecture for a teleoperated mobile robotic information 
system in the home health care context. A secondary objective will be to help evolve this newly 
designed methodological process into a more generalized methodology, applicable to other 
health care applications. This validation is undertaken by evaluating the transferability of the 
methodology utilised in the previous context by applying it to the design of an outpatient 
oncology clinic. The methodology is based on a descriptive business process analysis 
incorporating the Zachman Framework, validation iterations, and a method to develop system 
architecture. Applying this methodology to the teleoperated mobile robot yields a solid, 
integrative architecture consisting of ten use-case models. The net result of this endeavour is the 
specification of three interfaces: Health, Electronic Health Record and Teleoperation. 
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CHAPTERONE 

RESEARCH PROBLEM 

1. LITERA TURE REVIEW 

The care of elderly patients is becoming increasingly important in our society. According 

to the 2004 census, the population of Canada stands at 32 040 300 people, where the population of 

the province of Québec comprises 23.6% for a total of 7 560 592. The elderly population (65 years 

and over) in Canada is 4 141 000 (13% of the population) and it is projected to reach 8 735 900 for 

2016, an increase of 14%. Therefore, the knowledge and comprehension of the qualities of 

different types of care and their impact on the elderly are necessary to optimize and render the 

quality of care more efficacious (Statistics Canada, 2006). 

In developed countries the average life expectancy is greater than in non-developed 

countries reflecting a better quality of life. For example, in Canada and the United States the 

average life expectancies are 77 and 75 years of age, in contrast to 46 and 50 years of age for 

Ethiopia and Somalia, respectively. "As individuals live longer, health promotion activities 

become increasingly important, particulary with regards to fonction, independence and quality of 

life" (Resnick, 2003, p. 47). 

Another factor concems the reduction in premature mortality caused by chronic and acute 

conditions. In the past, certain conditions could kill elderly patients very easily. However, with the 

recent advances in medical knowledge elderly persons have the possibility to either completely 

avoid or to survive longer when confronted with the same conditions. The improvement of 

knowledge for health promotion implies "the primary prevention, or the prevention of the 

condition before it actually happens, the secondary prevention, which consists of the detection of 

the condition after having already had a primary episode" and pharmacological advancements to 

treat the conditions directly (Resnick, 2003, p. 47). Examples found in the literature include 

diabetes, pneumonia and cardiovascular diseases. In the case of pneumonia and cardiovascular 

diseases, a primary prevention consists of smoking cessation. Other preventive factors for 

cardiovascular diseases include exercises and diets low in saturated fats (Resnick, 2003). In the 
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case of diabetes, there is insulin and low-sugar diets. These types influence the physical health 

primarily and even the mental health if patients do not see an improvement over time. As a 

consequence of increasing life spans, morbidity resulting from chronic conditions increases. 

Morbidity is defined as "any departure, subjective or objective, from astate of physiological or 

psychological well-being" (Last, 1995). Examples include cardiovascular disease, cancer and 

cognitive deterioration. The prevalence of cardiovascular diseases for elderly patients 65 years and 

over in Canada is 19.8 % compared to 3.5% for patients 30- 64 years of age, for cancer it is 5.5% 

for those 65 and over compared to 1.4% for those 30-64, and cognitive deterioration represents 2% 

of the elderly compared to 0.1 % for those 30-64 years of age (Statistics Canada, 2006). Morbidity 

of chronic conditions can decrease autonomy. Right now, loss of autonomy stands at 12% for 

those aged 65-75 years of age, whereas those aged 85 and over represents 59% (Statistics Canada, 

2006). 

Mobility is a major problem for the elderly. Furthermore, mobility is directly related to 

autonomy. The loss of mobility can result from either advanced age or physical trauma. In fact, 

the loss ofmobility is one of the principal reasons for the relocation to an institution. In the case of 

patients undergoing physical trauma, a principal reason is an accidentai fall. Many studies have 

discussed the problem of physical trauma amongst the elderly stating that this population has a 

much more elevated risk ofmortality as well as a diminished capacity of mobility (Inaba et al., 

2003; McGwin et al., 2000; Sterling et al., 2001; Taylor et al., 2002). According to Cassel "hip 

fracture is a common occurence" (Cassel, 2002, p. 37). The loss of vision, secondary to normal 

aging or secondary to ocular disease, such as cataracts, can also directly influence the risk of 

accidentai falls. "In effect, a recent systematic review had identified more than 400 variables that 

were investigated as potential risks including sensorial problems, dizziness, mobility problems and 

cognitive problems" (Strauss, 2001, p.88). 

Autonomous living for elderly patients consists of allowing them to live independently at 

home or with someone they know rather than relocating them to an institution, for example a 

hospital or a residence. "Transition to the care and environment of a residential home has been 

identified in the literature as the most significant relocation affecting elderly persons" (Lee et al., 

2002, p. 19). Many articles have addressed the impact ofrelocation on the elderly. The article of 

Lee et al., (2002) addresses a literature review as well as a meta-analysis. They found that "[ ... ] 
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the placement experience is mainly interpreted as an extremely painful end to everything that has 

been significant to the older residents. Sentiments of loss and suffering are identified frequently, 

resulting in older residents experiencing insecurity and a devalued sense-of-self' (Ibid., p. 22). 

Such an event for an elderly person is also associated with a decline in cognitive function, which as 

mentioned above, can also influence the risk of falls. In an econometric analysis, multivariate 

analysis was used to evaluate the impact of retirement, loss of revenue, death of a partner, 

invalidity and relocation to an institution on the mental health of elderly patients. They were found 

to be more"[ ... ] cognitively impaired after rather than before their institutionalization- after prior 

adjustment for physical health (Lindeboom et al., 2002, p. 517). These aspects concem the mental 

health of the individuals. The entirety can contribute to the development of depression. A case-

control study compared autonomous elderly subjects against assisted living elderly and it was 

found that depression was more pronounced in the assisted living elderly (Grayson et al., 1995). 

A study evaluating depression and mortality amongst patients relocated to an institution and those 

independent demonstrated that "depression in general was significantly associated with mortality 

amongst the sample ofinstitutionalized elderly" (Paramalee et al., 1992, p. 8). 

Quality of life is associated with all the aspects already mentioned. "The concept of 

functional status refers to the behaviours necessary to maintain autonomy in daily living. This 

function is globally defined to include the physical, cognitive and psychological domains. These 

domains are often combined into a single instrument measuring quality of life" (Gill, 2002, p. 85). 

Essentially, if there were an impact on any ofthese factors, quality oflife would be directly 

influenced. Another problem, which can affect quality of life is the burden placed on caregivers. 

"Caregiver burden and bumout are important, prevalent and preventable. Physicians who are 

aware of the symptoms can better assess, identify, prevent and intervene in these situations. These 

efforts can result in a better quality of life for the patients and their loved ones" (Kasuya et al., 

2000, p. 123). 

Autonomy is extremely important to the elderly and as such, increased morbidity from 

chronic conditions, increased falls, trauma, loss of cognitive functions, relocation to an institution 

and depression can either act independently or synergistically by increasing depression leading to a 

diminished quality of life, and thus, further loss of autonomy. 
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1.1 New Technologies 

As a result of the increase in demographic weight and life expectancy of elderly persons, 

there will be an increased need to optimize health care for this population, specifically ensuring a 

good quality of life through palliation of loss of autonomy. The best health quality can be realized 

by the influence of the above factors, as a consequence the improvement of the health quality of 

elderly persons will contribute to a more successfol aging process (Landefield, 2003). Recently, 

much research has focused on developing new technologies to help influence the above factors. 

The goal here is to maintain elderly persans at home, while at the same time preventing loss of 

autonomy and ensuring a good quality of life. New technologies include the smart house, 

telemedicine and robotic telepresence systems (Hickling Arthurs Low Corporation, 2005; 

Stefanov, 2004). A smart house is a home equipped with automatic fonctions controllable at a 

distance (Stefanov, 2004). Examples of controllable functions include environmental functions 

such as lighting and doors, surveillance fonctions such as measuring and recording vital signs and 

information exchange functions such as telecommunication (Stefanov, 2004). "Telemedicine 

refers to the provision of care to a patient situated at a distance, via an information system" 

(Hickling Arthurs Low Corporation, 2005, p. 11). Examples include: telesurveillance for 

hypertension, dementia diagnosis and telephone support for caregivers, (Feeney-Mahoney et al., 

2003; Rogers et al., 2001, van den Blink et al., 2003). Robotics is broadly defined as: 

"technologies aimed at developing systems qualified to replace or pro long human operations" 

(Villers, 2003, p. 1293). In medical applications, "the main element of a robotic system is a 

computer that performs high-level analysis, including image and sensor processing, anatomical 

modelling, surgical planning and control of surgical tools. The system inputs and outputs corne 

from interfaces with medical personnel, the patient, surgical tools, and various imaging and sensing 

devices" (Hickling Arthurs Low Corporation, 2005, p. 4). 
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1.2 Robotic Systems 

Different types ofrobotic systems exist. As a general overview, there are four main types: 

rehabilitation robots, assistive manipulative robots, autonomous mobile robots and teleoperated 

mobile robots with telepresence capabilities, which are also the foc us of this thesis. Rehabilitation 

robots provide can improve performance by providing some resistance for patients undergoing 

exercise treatment for rehabilitative purposes. For example, "clinical trials comparing 3-D robot-

assisted therapy to traditional therapy in 21 chronic stroke subjects showed significant 

improvement in the Fugl-Meyer (FM) measure of motor recovery in the robot group, which 

exceeded improvements in the control group" (Burgar et al., 2000, p. 663). Manipulative assistance 

robots can help in grasping and manipulating small objects otherwise unmanageable by patients 

with injured arms or hands. Autonomous mobile robots can move around and either confer 

information to patients or carry small objects. Teleoperated mobile robots with telepresence 

involve the "use of communication and computing technology to allow a person to act on events at 

a distance. Typically the user can control robots or other devices and monitor results via video, 

sound, force feedback, and/or virtual reality immersive interfaces. (Telepresence/Robotics, 2006). 

1.3 Potential Uses for a Teleoperated Mobile Robot 

At present the teleoperated mobile robot is still in the conceptual phase and as such, the 

applications of the robot have not been full y defined. However, a preliminary investigation was 

conducted in order to explore the potential applications of such an intervention amongst elderly 

patients consisting of a focus group of six health professionals, all with experience in dealing with 

the elderly and six elderly individuals. "We examined the requirements for robots in home 

telecare using two focus groups. The first comprised six healthcare professionals involved in 

geriatric care and the second comprised six elderly people with disabilities living in the 

community. Teleoperated mobile robotic systems in the home were thought to be useful in 

assisting multidisciplinary patient care through improved communication between patients and 

healthcare professionals, and offering respite and support to caregivers under certain conditions" 

(Boissy et al., 2007, p. 79). Potential applications explored were the following: distance 

surveillance for loss of autonomy and activities of daily living; verification of prescribed exercices; 
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vitual follow-up for assessing patient's ability to comply with given tasks; giving instructions to 

caregivers; patient surveillance; enablement of communication with patient and caregivers (Boissy 

et al., 2007). 

A prototype has also been designed for experimental trials in a home environment. It 

consists of a videophone communication system mounted onto a robotic platform with 

teleoperational capabilities. The design for the prototype was developed through some preliminary 

work by the Research Laboratory on Mobile Robotics and Intelligent Systems of the Université de 

Sherbrooke, Québec, in which an experimental trial was conducted with two different types of 

teleoperated mobile robots, including two different teleoperational interfaces, in two different types 

of home environments. The idea was to assess the constraints on the operator-interface, as well as 

locomotion capabilities (Labonté et al., 2006). 

1.4 Health Information Systems 

As mentioned previously, a robotic system uses information so as to conduct complex 

analyses. The engineers have designed a protoype, however it still requires an information system 

to become operational. 

In the health sector, information systems have previously been developed to optimize the 

clinical environment surrounding the treatement ofvarious conditions such as cardiovascular 

diseases, cancer and dementia. Health information systems are computerized systems with the 

capability of manipulating medical data for accessing, transferring, analyzing and recording 

complex visual, audio, textual and/or sensory information for purposes of optimizing patient care, 

research and education or any combination thereof. For cardiovascular disease, an information 

system was deployed and evaluated to survey patient hypertension from a distance. This 

information system was used to monitor and transmit blood-pressure readings to their doctors over 

telephone lines through an arm-cuff attached to a portable battery-powered unit. In a randomized 

clinical trial, comparing this information system to regular care, it was found that the information 
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system was more efficacious in monitoring hypertension (p = 0.013) (Rogers et al., 2001). For 

head and neck cancer out-patients, an information system was designed to facilitate information 

access and communication (van den Blink et al., 2003). The patients were able to input their 

follow-up information via an internet website, as well as speak with a health-care professional 

through the use of a microphone and speaker system. For dementia patients, an information 

system was deployed for diagnosis at a distance and it was found to be feasible when compared to 

face-to-face evaluations (Poon et al., 2005). This system was similar to a video-conferencing 

system in that the central site (i.e., the health professional site) and the distant site (i.e., the patient 

site) were both equipped with cameras, microphones, speakers and a visual display. Here, the 

health professionals could view, hear and speak with the patient. 

Health information systems, therefore, can be beneficial. However, the assurance of a well-

designed health information system is altogether another matter. Since the teleoperated mobile 

robot is a novel technology at an early stage of development, the main problem that needs to be 

addressed is how to effectively design and integrate a health information system into a teleoperated 

mobile robot in support of elderly autonomy. 

1.5 Definition of Informational Architecture 

To address the above issue, a definition of informational architecture is required. 

Informational architecture is defined as the description of a system according to its components, 

their interrelations and the environment of its application. Informational architecture is essentially 

a mode! representing how the information is managed by the information system, which involves 

the flow of the information from its source toits destination, including the content of that 

information. In a health perspective, this becomes very essential because information without its 

context is meaningless (Berg and Goorman, 1999). Furthermore, any clinical or health setting can 

also be considered as an enterprise with an ordered process of specific activities centred around its 

primary mission to promote and foster the quality of patient care. "A heath care quality paradigm 

requires not only the measurement of the outcomes of processes of care ( clinical outcomes, patient 
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satisfaction), but also the description and the assessment of the ways used to perform activities 

throughout each identified process (operational efficiency)" (Staccini et al., 200lc, p. 130). The 

specific activities undertaken in any clinical setting revolve around three major themes: care, 

research and education. "The needs for subsequent improvements in health care delivery, as for 

the reduction of variations in practices, stress the necessity for a continuous trace-ability of all care 

activities, and the detection, measurement and prevention of adverse events occurring during or 

after health care delivery" (Staccini et al., 2000b, p. 824). Through the implementation of an 

information system, these three themes must be employed and calibrated with, at the very least, the 

same precision found in the real clinical environment. The achievement of this calibration is an 

extremely challenging task due to the consideration of many different informational aspects. For 

instance, embedded within each of the three themes mentioned above are any number of major 

objectives depending on the particular clinical setting, which in tum must be precisely matched to 

each of their respective users. According to Staccini, this involves linking a quality model to a 

clinical information system so as to help specify user requirements (Staccini et al., 200lc). 

Therefore, the development of an informational architecture helps to ensure, facilitate and stabilize 

this integration. 

1.6 Prior Experience in Health Information System Design Methodology 

Previous experience in the development ofhealth information systems has demonstrated a 

need for some kind of integrative design process, which can potentially insure the adequate design 

of an informational architecture. A large-scale clinical decision support system at the Brigham 

University Hospital in Australia was constructed and implemented without considering the 

different clinician's (user's) perspectives on its employment in the clinical field. The result was 

the retirement of the newly minted system after only a few short months. Complaints were that the 

system was too inflexible, slow to respond and a complete waste oftime (Southon et al., 1999; 

Teich et al., 1999). 

Henceforth, development teams started to look at methods by which the integration of 

health information systems could be better achieved. To that end, a number ofmethodologies have 

been proposed. Examples include Blobel et al., (2005), Staccini et al., (2000a, 2000b, 2001a, 
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2001b, 2001c, 2005, 2006), Toussaint et al., (2001), and Vassilacopoulos and Paraskevopoulou, 

(1997). The commonality amongst each ofthese methods is that each one <livides the system's 

design process into, at the very least, two phases: the business process and system analysis phases, 

respectively. The system analysis phase can also be further sub-divided into system and technical 

models. Each author considers the starting point of the analysis to be the elaboration of the 

business process model, and for this step, the elicitation of user requirements is paramount. Pisek 

further corroborates this idea by the following: "the first step typically involves defining the scope 

and aim of the new process in a way that reflects the needs of the various customers that the 

process intends to serve. Process design models also stress the importance of involving workers 

and caregivers directly in design; processes should not be designed by staff or managers who will 

never work in the processes themselves" (Pisek, 1997, p. 40). This is quite contrary to the design 

and development used in the Brigham Hospital experience whereby only the hospital 

administrators' requirements were considered in its design (Southon et al., 1999; Teich et al., 

1999). 

In one sense, these methodologies represent a step forward in the way in which health 

information systems are designed because the users' requirements are now included in the overall 

formula. However, the difference lies in the type of framework they utilised to determine the type 

of information required. There are many different frameworks used under varying conditions. 

Vassilacopoulos and Paraskevpoulou (1997) use a framework they define as a BPM (Business 

Process Model), Blobel et al. (2005) and Toussaint et al. (2001) both use the ISO Open Reference 

- Open Distributng Process and Staccini et.al.(2000a, 2000b, 2001a, 2001b, 2001c, 2005, 2006), 

uses the ICOM Box diagram. This creates a problem because the end results are business process 

models containing different types of information in varying amounts. As an illustration, 

Vassilacopoulos's BPM framework "[ ... ]combines four main perspectives of a process: 

functional (describing what activities are being performed within a process, together with their 

interactions and what informational objects are relevant to these activities); behavioural (describing 

when and how the process activities are being performed); structural ( describing the informational 

abjects and the relationships between them); and organizational (describing who performs each 

activity and where it is performed)" (Vassilacopoulos and Paraskevopoulou, 1997, p. 145). Blobel 

et al., (2005) and Toussaint et al., (2001) both use the ISO Reference Model-Open Distributing 

Process Model defining the enterprise view, the information view, the computational view, and the 
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engineering and technology view as possible views on systems, as well as differentiating between 

actors, roles and relations. Finally, the ICOM Box Diagram used by Staccini et al., (2001 c) "[ ... ] 

shows for a task or set of tasks: the inputs (I) - information or material used to produce the output 

of an activity, the controls ( C) - information or material that constrains an activity with controls 

regulate the transformation of inputs into outputs, the outputs (0) - information or material 

produced by or resulting from the activity, the mechanisms (M) - usually people, machines, or 

existing systems that perform or provide energy to the activity" (p. 137). It is difficult to assess the 

completeness of the information amongst methods because man y of the frameworks are so 

inherently different with respect to one another. The results are information systems with the 

potential for unknown gaps in their informational architecture. 

The second phase is the system's analysis process. It is here that the models are developed 

based on the business process model described from users' accounts in the previous phase, and 

herein lies another discrepancy: each proposed method utilises a different modeling technique in 

which to display the information collected in the previous phase. For example, Vassilacopoulos 

and Paraskevopoulou (1997) use the IBM Flowmark technique and Staccini et al., (2000a, 2000b, 

2001a, 2001b, 2001c, 2005, 2006) uses the IDEFO / SADT modelling technique, whereas Blobel et 

al., (2005) uses the Generic Component Model, composed of the POA (Portable Object Adapter), 

CCM (COBRA Component Model), MOF (Metaobject Facility) and the MDA (Model-Driven 

Architecture) models. Again, this creates further complexity because different types of models are 

generated for different types of information depending on the context, which again further 

enhances the problem of assessing the adequacy of the information. The subsequent part of the 

second phase involves the development oftechnical models. Using the information generated from 

the previous steps, the technical models can be designed. However, there lies a gap in the literature 

regarding the elaboration of these models. 

1.7 Integrative Methodology 

In summary, each particular methodology is context-specific so that their applicability does 

not reach beyond the particular situation that necessitated the development and implementation of 

the particular health information system. Therefore, the specific methodology employed is heavily 

dependant on the reason and type of information system needed. Such a system of context-specific 
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methodologies is superfluous and, quite frankly, limited in scope. A more general methodology is 

preferred, one in which its use results in the total integrative design, implementation and 

deployment of any type of health information system under any condition; a one-size fits all type 

of methodology. 

To address this issue, the Zachman Framework, henceforth denoted as ZF, a framework 

utilised abundantly in non-health information domains, is imported and adopted for health 

information purposes (Zachman, 1987). The ZF was developed specifically as a means to simplify 

the representation of the information requirements for any complex organization. "Frameworks 

can help organize these models into multiple levels of abstraction to better understand how the 

business rules, organizational strategies and resources are tumed into a physical system" (Botta et 

al., 2005 p. 2). Essentially, this framework originated from the need to develop an architectural 

approach to the design of any complex engineering product, including an information system, 

because since new technology "[ ... ] permits distributing large amounts of computing facilities in 

small packages to remote locations, some kind of structure (or architecture) is imperative because 

decentralization without order is chaos" (Zachman, 1987, p. 276). The structure imposed by the 

architecture can ensure some form of order and control over the constantly changing technological 

adaptations, thereby keeping "[ ... ]the business from disintegrating" (Ibid., p. 276). 

John Zachman decided to take a classical architecture approach in designing the ZF because 

he reasoned that the planning or design of a physical construction such as a building can be 

extended to an engineering product, including information systems. Taking this approach, he then 

studied the classical design architecture process, consisting ofpreliminary diagrams such as Bubble 

Charts (representing basic concepts for building, including gross sizing, shape, spatial 

relationships, etc.), Architect's Drawings (final building plans as seen by the owner, including floor 

plans, cutaways, pictures, etc.), Architect's Plans (final building as seen by the designer, includes 

translation of owner's view into a product, for example, detailed drawings), Contractor's Plans 

(final building as seen by the builder, includes architect's plans constraincd by laws of nature and 

available technology), to more elaborate representations such as Shop Plans (subcontractor 's 

design or a part/section, includes detailed stand alone model, pattern), and applied this analogy to 

another type of end-product: the information system (Zachman, 1987). However, just having 

"[ ... ] different architectural representations produced over the process of building complex 
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engineering products" (Ibid., p. 262), is not enough, simply because for each perspective there 

exists different types of descriptions related to different aspects of the object being described. 

According to Zachman (1987) the descriptors are as follows "[ ... ] WHA T, the material description, 

HOW, the functional description, WHERE, the location description, WHO, who is doing what, 

WHEN, when the events take place and WHY, why the choices are made". Incorporating this all 

together results in the information system (architecture) known today as the ZF. 

The ZF essentially allows for the conceptualization of all the information required as a two-

dimensional table subdivided into six colurnns and five rows, shown in Figure 1 (ZIFA, 2006). 

Figure 1 - Zachman Framework 

Each colurnn depicts a specific informational perspective according to the questions WHAT, HOW 

WHERE, WHO, WHEN and WHY, while each row " [ ... ] represents the points ofview of 

different players in the systems development process", such as: " the Scope (Ballpark view), 
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Business model (Owner's view), System Model (Architect's view), Technical model Designer's 

view) and finally, Detailed representations (Builder's view)" (Hay, 2000, p. 2). The order of the 

views is deliberate: the scope, which is placed at the top of the structure, represents a more 

generalized view of the information, while the subsequent levels represent more and more detailed 

views all the way to the lowest level (detailed representations), which is the programming level 

(Delooze, 2001). Having an analytical framework such as the ZF helps to better visualize the 

arrangement of the necessary informational components required to achieve the enterprise's 

purpose. The usage of the ZF is important because it can "[ ... ] easily convey the concept of 

integrated models and simulations when developing enterprise and system architectures that is 

independent of any business domain" (Botta et al., 2005, p. 2). It was specifically chosen because 

of its domain-independent nature. "The reason for its extensive use is due to the fact that it is a 

very flexible framework. The ZF does not impose a method and it does not restrict any user to a 

set of pre-defined artefacts" (Pereira and Sousa, 2004, p. 1368). This helps to ensure the integrity, 

validity, cohesiveness and completeness of the information with regards to the organizational 

requirements of any health domain regardless of the particular context. As an example, Blobel et 

al. 's (2005), Staccini et al. 's, (2000a, 2000b, 200la, 2001b, 2001c, 2005, 2006), Toussaint et al. 's 

(2001), and Vassilacopoulos and Parskevopoulou's (1997) particular situations could have been 

addressed with one simple framework: the ZF. The informational content would have been 

simplified and most important of all, consistent across clinical contexts. This consistency can also 

enhance interoperability because it provides a common point ofreference for all the information 

for that particular health information system, thereby creating a tighter fit amongst different 

components. According to Pereira and Sousa (2004), the interoperability of the ZF contributes: 

"[ ... ] to having information systems that reflect common goals and performance measures for all 

managers [ ... ] ; to ensuring that standards for creating the information environment exist and they 

are appropriately integrated; to help govem the architectural process with the dependency, 

coherence and trace-ability for an enterprise to manage, change and to ensure that the alignment is 

achieved" (p. 1366). Even though both Blobel et al., (2005) and Toussaint et al., (2001) used the 

ISO Open Reference Model, which happens to be similar to the ZF, the ZF is preferred because of 

its simplistic nature. For three of the five perspectives (namely the information viewpoint, 

computational viewpoint and engineering viewpoint) the ZF combines them all into one 

perspective: the system model. Furthermore, the ZF is more specific in terms of defining and 

indicating all the possible information descriptors (WHO, WHAT, WHERE, WREN, HOW and 
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WHY) in contrary to other frameworks such as the ISO Open Reference which tends to focus 

mostly on the WHO, HOW, WHAT and WHERE and the Rational Unified Process which 

considers only the WHO, HOW, WHAT and WREN (Toussaint et al., 2001; Rational Unified 

Process, 2007). 

In order to further enhance its simplicity and generalizability, a system modelling technique 

based on UML (Unified Modelling Language Diagrams) is employed. "UML is a general-purpose 

modeling language that includes a graphical notation used to create an abstract model of a system, 

referred to as a UML use-case model" (Wikipedia, 2007). The advantage here is that these models 

are simple, easy to understand and can represent multiple views of the same information (Botta et 

al., 2005). 

All these methodologies in volve the elicitation of user requirements. They all agree that the 

best method to achieve this is through user interviews. Vassilacopoulos and Paraskevopoulou 

(1997) go further by describing an interview and a modeling process, which include iterative 

consensus components in order to help protect and ensure an accurate and precise representation of 

all the requirements of the business process. "Validate the process model(s) developed through 

iteration in which the model(s) may be modified based upon questions generated by the model(s). 

Validation at this stage is conducted by deciding on the legitimacy of the functional, behavioural, 

structural and organizational views of process representations" (Vassilacopoulos and 

Paraskevopoulou, 1997, p.148). They also discuss a third phase in the methodology which consists 

of "[ ... ] mapping the applications comprising the existing HIS (i.e., Health Information System) 

onto the validated process model(s), at the corresponding levels ofresolution, to compare 'what is 

available' with 'what is needed' '', commonly referred to as a benchmark (Ibid., p. 148). 

Benchmarking is an extremely useful process because it allows the models to be compared with the 

actual reality of the situation, so that the applications needed can be identified and modified, or 

simply created, whereas the applications identified as non-essential can be discontinued. This 

creates a further refinement of the models developed in the previous phase and ensures that "[ ... ] 

the system represents a coherent and efficient use of resources" (Ibid., p.148). 

Therefore, in order to further supplement, strengthen and enhance this new methodology, 

these components are combined in conjunction with the basic ideas given in the articles by Blobel 
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et. al., (2005), Staccini et al., (2000a, 2000b, 2001a, 200lb, 2001c, 2005, 2006) and Toussaint et 

al., (2001), the adoption and incorporation of the ZF, a system modelling technique based on UML 

diagrams and a simple method for the design of a technical model. The objective is to yield a 

highly robust, reliable and integrative methodology for the successful design and implementation 

of health information systems within any clinical context. 

2. PROJECT DESCRIPTION 

The main objective of this project uses this integrative methodology so as to effectively 

design an informational architecture for a home-based mobile robot in support of elderly 

autonomy. This work is composed of the following parts: discussions and interviews with 

members from a multi-disciplinary team, specifically robotic engineers and health professionals 

affiliated with the Université de Sherbrooke and implicated in the home care of elderly persons; an 

integrative analysis using modelling techniques based on UML diagrams; validations ofboth the 

interviews and models with the team members. Furthermore, an additional work of validation 

addresses another clinical domain, more specifically, the design of an information system for an 

outpatient oncology clinic to assess the methodology' s generalizability in being utilised in a 

different type of clinical context, described in Appendices K through N. 
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CHAPTERTWO 

METHODOLOGY 

The methodology used for the purposes of this study is a descriptive business process 

mode! analysis involving a needs assessment, data analysis and final benchmark (i.e., case 

evaluation). An outline of these components is presented in Table 1. Iterative validation processes 

are interspersed within each principal component specifically tailored for establishing consensus 

amongst stakeholders. 

This methodology is utilised because any clinical context can be thought of as an enterprise 

with an ordered set of specific activities leading ultimately to the achievement of its main goal of 

improving patient care. Therefore, the overall work needed to be done can be described in terms of 

a business process model whereby the workers represent the entire clinical and engineering teams, 

essentially the users of the mobile robot information system. "The primary objective of a clinical 

information system is to help the nurses and doctors to manage the patient's trajectory by tracing 

the events of the care process. It requires the identification and the description of the sequence of 

the elements of the process" (Staccini et al., 2001 a, 2001 b, 2001 c ). A business process mode! is a 

description of the work related activities that each member undertakes in order to contribute to the 

achievement of the enterprise's overall goal. "Information systems have been designed, developed 

and implemented for the purpose of supporting special business objectives and goals. Therefore, 

that information must be defined which is needed in the business model's context" (Blobel, 2005). 

According to Vassilacopoulos and Paraskevopoulou (1997), "[ ... ] BPM (Business Process Madel) 

may be perceived as a means for providing a solid foundation to process support requirements 

elicitation and validation since it makes very clear the purpose of computerized process activities 

in collaboration with the human-performed activities" (p. 147). Subsequent reasons include its 

simplistic nature of conducting individual interviews with each representative member, thereby 

decreasing the potential for data contamination by other members and the addition of iterative 

validation components, which help to ensure the data's overall integrity in terms of its overall 

accuracy. According to Staccini et al., (2001c), interviews were "[ ... ] performed by the 

workgroups in the medical transfusion quality assurance program, by means of semi-structured 

questionnaires, (p. 134)." It is also important to "validate the processes model(s) developed 
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through iteration in which the model(s) may be modified based upon questions generated by the 

model(s). Validation at this stage is conducted by deciding on the legitimacy of the functional, 

behavioural, structural and organizational views of process representations" (Vassilacopoulos and 

Paraskevopoulou, 1997, p. 148). 

Since this methodology is designed with the goal of being context-independent (i.e., a 

general all-purpose methodology for any type of clinical information system under any 

circumstance), then it is also pertinent to evaluate this aspect by using it to design an information 

system in another clinical domain. Therefore, a subsequent part of the development of this 

methodology in volves a short study of its portability in developing a clinical information system 

for a different type of clinical domain (see Appendices K through N). 

Table 1: Sequence of Methodological Steps 

Methodology Methodological Steps . 
·' ..... ~ '•· ~ 

Needs Assessment 

(Data collection) Context Identification 
Questonnaire Development 
Questionnaire Validation 
Interviews 
Transcript Development and Validation 

Architecture Development 

(Data analysis) Mode! Use-cases 
Use-case Validation 
Mode! System Architecture 
System Architecture Validation 

Case Evaluation 
Method of Analysis of Case Scenario 

(Benchmark, Preliminaiy Implementation Sequence Diagram Validation 
Evaluation) 

1. NEEDS ASSESSMENT 

The first part of this methodology in vo lves a needs assessment. A needs assessment 

consists of the determination of all the stakeholders' business requirements. A stakeholder is 

defined as "one (a person or group) that has an interest, or a share in an industry or enterprise" 

(Merriam-Webster On-Line, 2007). 
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1.1 Context Identification 

To begin, the context of the information system being designed has to be identified. This 

context refers to the clinical environment and all the categories of stakeholders that will surround 

the system once installed. "The first step typically involves defining the scope and aim of the new 

process in a way that reflects the needs of the various customers that the process in tends to serve. 

Process design models also stress the importance of involving workers and caregivers directly in 

the design; processes should not be designed by staff or managers who will never work in the 

processes themselves" (Pisek, 1997, p. 40). The participants (i.e., actors) of a needs assessment 

study must, therefore, accurately represent this diverse group of stakeholders. 

Note that according to the requirements of a needs assessment study, there is no minimum 

number of participants required because the goal is not to generalize the results through statistical 

inference, but rather to get an accurate representation of the wide range of needs. According to 

Powel (2003): "[ ... ]the more participants the better, suggesting that as the number of judges 

increases, the reliability of a composite judge increases (p. 378). However, they also comment 

that: "There is very little empirical evidence on the effect of the number of participants on the 

reliability of the consensus process" (Ibid, p. 378). 

1.2 Questionnaire Development 

Questionnaires are then developed for the different groups of stakeholder representatives 

(WHO) in the needs assessment, based on the following questions corresponding to the business 

process abstraction of the ZF: main objectives (WHAT, referring to the first question), fonctions 

(HOW and WHEN, referring to the second question), data sources and users (WHERE, referring to 

a sub-part of the second question), and reasons for the data (WHY, referring to the same sub-part 

of the second question). The "Business model defines goals, strategies, structure and processes 

that are used to support the mission of the system or enterprise. This row (i.e., the second row 

from the top of the ZF) is also referred to as the Concept row" (Botta et al., 2005, p. 4). 
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Furthermore, a second set of general questions is developed to assess other pertinent 

requirements for expanding and refining the system once an initial prototype has been developed. 

Examples of such questionnaires are presented in Appendix A. 

1.3 Questionnaire Validation 

Prior to data collection, the content of each questionnaire type is validated amongst 

representatives of the different stakeholder groups participating in the study, those judged to be the 

content experts. 

1.4 Interviews 

The data collection begins once the questionnaires are validated. This involves conducting 

semi-structured interviews amongst the actors implicated in the system's development identified 

previously using the questionnaires as a guide. The responses to the questions are then recorded in 

a journal, which is utilised to transcribe each of the interviews. Another technique to further 

ensure the integrity of the information transcribed is to record it with a digital voice recorder. 

1.5 Transcript Development and Validation 

The final step in the needs assessment consists of validating each of the transcripts with 

each individual actor from whom it is obtained. The process here involves developing the transcript 

and once completed, returning to the actor to get feedback on its accuracy. A typical transcript 

consists of the summarized verbatim of the responses to each question from each actor implicated 

in the study. To achieve this, the transcript is divided into two sections: the first part contains the 

informational management specifications and the second contains the more general overview. The 

responses to the first two or three questions are categorized in terms of objectives, functions, 

sources, reasons and quality of data, while the responses to the general questions are summarized. 

A typical transcript is shown in Figure 2. 
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Section 1: Information Management Specifications 

Objective 1 

Function 1 

Sources 

Quality 

Function 2 

Sources 

Quality 

Etc. 

Objective 2 

Function 1 

Etc. 

Etc. 

Section 2: Responses to general questions 

Figure 2 - Outline of a Typical Transcript 

At this point, the changes requested are made and the new transcript is again returned to the 

same actor for approval. This is an iterative process, continuing until a consensus on its integrity is 

achieved. 
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2. ARCHITECTURE DEVELOPMENT 

The overall architecture (i.e., integrative architecture) consists of use-case models and 

system architecture. 

2.1 Use-cases 

To develop use-case models, the data in each transcript is categorized according to the main 

objectives, the fonctions for each objective, and the sources and users of the data Two types of 

use-case models are developed for each objective: a Unified Modelling Language-Based Diagram 

(UML) and a more generic representation involving a top-down view of each objective in relation 

to its fonctionalities. 

A UML use-case diagram depicts the information system containing the necessary 

fonctionalities in the required sequence for the specified objective, including the links between the 

functionalities and the users representing the information parameters of flow and content. "A use-

case model describes the components from a user's perspective and lists the main application 

fonctions offered by the components to the end user" (Toussaint et al., 2001, p. 16). According to 

Botta, a UML diagram is simple and "it allows the models to communicate better" (Botta et al., 

2005, p. 20). This is also commonly referred to as an interface and represents the perspectives 

WHAT, HOW, WHEN, WHERE and WHO of the system model abstraction of the ZF, a level 

lower from the business process abstraction. The "System model contains system requirements, 

objects, activities and fonctions that implement the business model. The system model states how 

the system is to perform its fonctions. It is called a white box model, because we see its inner 

workings. This row (i.e., the third row from the top of the ZF) is also referred to as the Logical 

row" (Botta et al., 2005, p. 4). 

Typically, one models an objective per use-case. To start off, the information system is 

represented by a large rectangle in the middle of the diagram. Embedded circles within the 

rectangle represent each of the corresponding functionalities for that particular objective. These 

functionalities are linked to the users and sources of data, depicted as stick figures. The objective 

acts as a title for the overall diagram. These models can be drawn in any software with a drawing 

21 



application (e.g. Microsoft Word, Visio). Examples of use-case models are presented in Chapter 

Three, Section 3 .1 and Appendix K. 

2.2 Use-case Validation 

The use-cases are validated with representatives from the stakeholder groups implicated in 

the study. This is accomplished by getting feedback from the group to which each use-case 

belongs. Again, the use-cases are displayed to the group of participants and modifications are 

suggested. Adjustments are made and the new models are retumed to the groups. An iterative 

process ensues just until consensus is reached. Changes are documented in transcripts. A 

complete description of the content of each consensus transcript is given in Appendix H. 

2.3 System Architecture 

Following the development of the use-case models, a preliminary architecture representing 

the system specifications is established. This architecture consists of an information flow diagram 

specifying the links between the hardware, software (e.g., databases) and the users for optimum 

system performance. Essentially, this represents the questions HOW, WHERE and WHO of the 

corresponding technology abstraction on the ZF. The "Technology model considers the constraints 

ofhumans, tools, technology and materials. This row is also referred to as the Physical row (i.e., 

the fourth row from the top of the ZF)" (Botta et al., 2005, p. 4). According to Evemden, "[ ... ]the 

technical view is used to understand information about the technical structures that support the 

business" (Evemden, 1996, p. 48). 

The development of this architecture is accomplished by determining the different 

categories of components required to complete the entire information system through the analysis 

of the use-case models. The categories of components include both the data users and sources 

(e.g., the clinicians, the electronic health record, the system database, etc.). These elements are 

then mapped onto a diagram specifying the information flow between the different elements as 

shown in the use-case models. This results in a preliminary system specification diagram, which is 

then further developed and refined through an iterative validation process. Descriptions of system 
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architecture for the teleoperated mobile robot and oncology are presented in Chapter Three, 

Section 4 and Appendix K, respectively. 

2.4 System Architecture Validation 

To further assess the accuracy of this preliminary architecture, a validation is conducted 

amongst the different category of stakeholder representatives. The process consists of a group 

meeting where this preliminary architecture is presented in order to assess the architecture's 

accuracy and define the necessary adjustments warranted. Changes are documented in a transcript. 

The complete overall product including both the use-case models and the system 

specification architecture is considered an integrative architecture. A complete description of 

consensus transcript content for system architecture is presented in Appendix H. 

3. CASE EVALUATION 

Upon completion of the integrative architecture, a case evaluation is undertaken. This is 

conducted in order to measure the adequacy of the architecture in effectively promoting a realistic 

design of an information system for the intended application. To achieve this end, a case scenario 

is created in which the activities and resources needed to effectively care for this application are 

compared to what could be accomplished using the newly designed information system. "Map the 

applications comprising the existing HIS (Hospital Information System) onto the validated process 

model(s), at the corresponding levels ofresolution, to compare 'what is available' with 'what is 

needed' " (Vassilacopoulos and Paraskevopoulou, 1997, p. 148). 

3.1 Method of Analysis of Case Scenario 

The method of analysis is done in three steps: 

1) The Case Scenario is divided according to the different types of care as 

required from each of the health professionals implicated. 
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2) For each type of care, the process is broken down into discrete activities 

required by the particular health professional. 

3) For each activity, the use of the information system is specified according 

to the following steps: 

a. An interpretation of each activity as specific messages in interaction 

with the information system and documentation by a sequence diagram 

b. For each respective type of care, the flow of the activities is traced 

throughout the system according to the models developed in the 

proposed architecture. 

The overall aim of this process is to disclose any missing elements, as well as verify and adjust the 

elements already included. 

3.2 Sequence Diagram Validation 

The diagrams are then validated with representatives from the different stakeholder 

categories in order to ensure the integrity of the diagrams. Changes are subsequently made. An 

example is presented in Appendix I. 
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4. SUMMARY 

A schema showing the basic outline of the methodological process is given in Figure 3. It 

starts with the development, where one identifies the context and then develops and validates the 

necessary questionnaires. Subsequently, interviews take place with the different stakeholder 

representatives identified previously. From there, each interview is transcribed and validated with 

the actor. If there is no agreement with respect to the content, then the transcript is modified and 

re-checked once again for approval. This is an iterative process continuing until consensus is 

reached. Once all the transcripts are accurate, then use-cases are modelled. The use-cases are 

validated in an iterative process until consensus is reached. Upon validation of the use-case 

models, the system architecture is modelled and validated in a similar iterative fashion. To save 

time, preliminary us-case models and system architecture can be developed and validated 

simultaneously. Once the system architecture and use-case models (i.e., integrative architecture) 

are developed, then a final case evaluation is undertaken. 

Development 

Interviews 

Transcription 

yes 
no 

Validation 

Model Use-cases 

yes 

Validation 

System architecture 

yes 

Validation 

Case Evaluation 

Figure 3 - Outline of Methodological Process 
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CHAPTER THREE 

RESULTS OF APPLICATION OF METHODOLOGY TO PROJECT 

OF TELEOPERATED MOBILE ROBOT 

This section documents the results obtained (i.e., integrative architecture) after applying the 

methodology described in Chapter Two to the development of an information system for a 

teleoperated mobile robot in home care. 

In this application, there were three categories of participants involved: the engineer group, 

the technological-integrator and the health professionals (i.e., the users). All participants were 

selected based on referrals from a proj ect member. 

1. QUESTIONNAIRE DEVELOPMENT 

In any clinical context, activities revolve around three major categories: care, research and 

education. Since the teleoperated mobile robot is being developed as both an innovation and an 

instrument in promoting patient care, then only the aspects of research and care within the home 

health context were considered. As such, the questions were developed to elicit responses to the 

objectives and fonctions for these major categories. Moreover, for purposes of questionnaire 

development, the engineers and technological-integrator were allocated to the designer group, 

while the health professionals were allocated to the user group (see Appendix A). 

Questionnaire validation was conducted in two separate sessions, the first with a designer 

(i.e., an engineer), and the second with the users (i.e., a doctor, nurse and physiotherapist), so as to 

ensure an accurate phrasing of the questions. 

2. INTERVIEWS 

This robotic engineer group was interviewed first because they are responsible for the 

development, construction and functioning of the system, and their knowledge of the technology is 

more extensive. The robotic engineer group includes the following expertise: operator-interface, 
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electrical, locomotive and integrative robotic system design. The technological integrator 

addresses the integration of this new technology within the patient's environment for effective and 

safe ease of use. This actor was interviewed next. Within the health professional group, the 

disciplines included are nursing, medicine, physiotherapy and social work (further detail is 

provided in Table 2). These actors were interviewed last because their knowledge of the 

technology is not as extensive. Prime requisites were that all the participants had to have been 

affiliated with the Université de Sherbrooke, had to have prior experience with home care and had 

to have prior knowledge of the ongoing project such as having participated in a prior focus group 

on the potential uses of a teleoperated mobile robot (Boissy et al., 2006). Bach interview lasted 

approximately thirty minutes. An interview session always started with a short introduction. This 

involved an identification of the researcher, an explanation of the reason behind the interview and 

the interview procedure itself. In order to facilitate this, a diagram showing an image of the 

teleoperated robot was presented (see Appendix J). To further ensure accurate transcription of 

medical data, interviews with the category ofhealth professionals were recorded using a digital 

voice recorder. 

The patients were not included because a preliminary study has already been conducted in 

which the potential applications of a teleoperated mobile robot were explored via a focus group 

including health professionals and elderly patients, and it was found that the elderly representatives 

had a hard time understanding the function and use of such a novel technology (Boissy et al., 

2006). Therefore, at this early stage of development, the health professionals were viewed as 

suitable proxies conceming patient requirements. 

2.1 Interview Analysis 

Transcripts were based on the analysis of the verbatim of each actor interviewed in the 

study using the questionnaires presented in Appendix A. Table 2 details the roles of each of the 

actor types with respect to specified objectives. 
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Table 2: Objectives as a Function of Roles for Different Actor Types 

Actors Role Objective 

Engineers (e.g., locomotive, electrical, Technically focused, concerned with Video Communication System 
operator-interface and integrative robotic development, operation and maintenance of 
design) the robot. Patient care is a secondary focus. 

Interested in locomotion, electrical, operator-
interface and integrative aspects of robotic 
design. Interested in how to build the robot 
most effectively to satisfy user needs. 

Teleoperation 

Health Sensory System 

Technological-integrator Concerned with how the design aspects can Enhanced Telepresence for 
be better integrated within the patient's Telehealth 
environment for increased safety and ease of 
use. Assures that the technology developed 
will be ofbenefit to the patient. 

Platfonn for New Development 

Physiotherapist Concerned with the physical functioning of Functional Evaluation 
the oatient (e.g. mobilitv). 

Physician Concerned with the medical condition of the Medical Evaluation and 
oatient such as biological and physical. Resnonsibilitv 

Nurse Concerned with getting a general overview Biological and Medical I 
of the patient's condition in terms of Psychosocial Follow-up 
biological, physical, psychological and 
spiritual aspects. 

Social W orker Concerned with referring the patient to the Case Manager 
aoorooriate caregiver and social services. 

Occupational Therapist Concerned with the quality of the patient's 
environment as a stimulus to participation in 

Evaluation of Surroundings 

dailv and social activities. 

2.2 Validation 

Appendices B through G present transcripts for each individual actor interviewed. Note 

that for the engineers, all the transcripts were combined into one, due to similarity of content. 

In general, the robotic engineer group was heavily focused on the technical aspects of 

designing a teleoperated robot. Its major goal in designing the robot was to ensure its proper 

fonctionality, in accordance with possible user needs. For example, Teleoperation is a major 

engineering objective. This involves operating and maintaining the robot. Patient care, however, 

was considered. It was more of a secondary focus. The inclusion of vital sign acquisition fonctions 

(i.e., Health Sensory System) and audio/video communication fonctions (i.e., Video 

Communication System) reflect this aspect. However, just the inclusion of these fonctions was not 

adequate because these fonctionalities had to be tailored to match the specific needs of the patient 
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and the health professionals. Furthermore, not all care aspects were considered simply because this 

was not their area of expertise. 

The health professionals, rather, were more concentrated on the use of the teleoperated 

mobile robot as an instrument for optimizing patient care. They were focused on the patient and 

not on the robot itself. Thus, it was here that the complete range of informational needs for the 

care aspect was considered. Examples of health professional objectives include Medical 

Responsibility and Evaluation, Biological Evaluation and Medical /Psychosocial Follow-up, etc. 

Finally, the technological-integrator was more interested in bridging the gap between these 

two divergent views through the integration of this new technology in the patient's environment for 

increased safety and ease of use. This was where information was provided so that the care 

fonctionalities could be better tailored to the patients and health professionals needs. Examples of 

objectives include Enhanced Telepresence for Telehealth and Platform for New Development. 

3. USE-CASE DEVELOPMENT 

Use-cases were based on the analysis of the transcripts. The verbatim included in each 

transcript was categorized according to principal objectives, fonctionalities for each objective, and 

users and sources of data as described in the methodology. 

For each objective two types of use-case diagrams were documented: a UML based 

diagram, and a general representation involving a top-down view of each objective in relation toits 

fonctionalities. As a result of the validation process, the robotic engineer group diagrams were 

sub-divided into three different objectives, the two physiotherapist diagrams were combined into 

one diagram and a new occupational therapist use-case was developed. Table 3 lists the use-case 

models, fonctions and motivation for the different categories of actors. The motivation (WHY) is 

implicit in the ascertainment of the fonctions (HOW) for each objective (WHAT) as described in 

the methodology. 
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Table 3: Use-case Diagrams for Teleoperated Mobile Robot Application 

Use-case Reference Fonctions Motivation 
(Objectives) 

Engineering Objective: Telepresence - Bi-directional Communication Audio/ Yideo Communication, surveillance, data 
Video Communication System Communication recording. 

Teleoperation / Control 
Environmental and Persona! Security / 
S.O.S. 

Detachable Videophone module (i.e., non-
interface functionalitv) 

Engineering Objective: Teleoperation: Navigational Teleoperation To be able to manipulate, control 
and direct the robot in autonomous, 
semi-autonomous and direct modes 
from a distance, to maintain the 
robot operational, record 
information on vital signs and 
cognitive reminders. 

Note: Autonomous A voidance of Obstacle is Environmental and Persona! Security / 
an internai function of the robot S.O.S. 

Robot Status 

Autonomous Navigation (i.e., recharge) 

Assisted Navigation 

Cognitive Aid (i.e., alerts) 
Mobility Assistance+ Manipulation 

Take Physical +Vital Signs 

Engineering Objective: Health System Signal Acquisition (e.g., physical +vital Recording of information pertaining 
signs) to physical and vital siirns. 

Technological-integrator Objective: Communication Evaluation of patient and patient 
Enhanced Telepresence for Telehealth environment. 

Surveillance 

Technological-integrator Objective: Distant control of equipment (e.g., To increase safety of environment. 
Platform for New Development supplementary health instruments) To facilitate and improve patient 

home health care. 

Physiotherapist Objective: Functional History (e.g., medication consumption, Health professional may be in 
Evaluation medical history) another location and can still give 

the treatment, to be able to survey 
falls, the patient can guide his/her 
own autonomy. 

Evaluation of Physical Condition Ens ure safety, faJI surveillance, 
quicker reaction, to be able detect 
physical changes and modify 
treatment ifrequired. 

Evaluation ofFunctional Capacities 

Global Evaluation of Cognitive Ability 

Establish Treatment Objectives and Provide 
Treatment 

Give Reprieve and/or Do Follow-up 

Yerification of Security 

Re-evaluation of Physical Condition 

Establish Objectives and Teach Modified 
Treatment 
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Use-case Reference Fonctions Motivation 
(Objectives) 

Medical Objective: Medical Evaluation and See the Patient Surveillance 24 hrs., cognitive aid, 
Responsibility fall surveillance, videophone 

(communication with someone), 
limit professional displacements. 

History (e.g., medication, medical history) 

Evaluation of Patient Condition 

Laboratory Results 

Give the Treatment Plan 

Surveillance Verification 

Follow-up 

Social Worker Objective: Case Manager Situational Evaluation Improved time efficiency, capacity 
to see more clients, limit clinician 
displacements, improve 
observational opportunities, a good 
method of analysis. 

Elaboration of an Intervention Plan 

Follow-up 

Nursing Objective: Biological Evaluation and Global Biological Evaluation and Treatment Communication, surveillance, to 
Medical / Psychosocial Follow-up Follow-up view level ofmobility, medication 

management, to increase patients' 
and families' self-awareness. 

Global Psychological Evaluation 

Global Social Evaluation 

Teaching Natural Caregivers 

Occupational Therapist Objective: Security Verification To be able to help patient become 
Evaluation of Surroundings and Social better integrated in environment and 
Participation activities. 

Evaluation of Home Adaptations 

Note: adapted from the consensus meetings Evaluation of Autonomy in Activities 
with engineers, health professionals and 
technological-integrator 

Evaluation of Social Participation 

The functionalities represent the necessary steps required to effectively promote that 

objective. The motivation can provide additional constraints that can be utilised to further enhance 

the design. For example, in the nursing objective Biological Evaluation and Medical I 

Psychosocial Follow-up, two principal reasons are medication management and mobility level as 

indicated in the motivation column, lines 1,2 and 3. Hence, the Biological Evaluation functionality 

requires fields for these parameters. Another potential use of the motivation category is for 

evaluation purposes. Take for example the social worker objective Case Manager: a principal 
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reason identified is time efficiency (motivation column, line 1 ). This can be utilised as an 

evaluative parameter when conducting an experimental study evaluating the system's efficacy. 

3.1 Use-cases 

The robotic engineer group has three use-case models, the technological-integrator has two 

and the health professional category has five. 

The UML and general use-case models for each major objective are shown in Figures 4 to 

23. In addition, for a complete definition of the functionalities, a transcript reference box was 

inserted into each UML use-case model enabling one to quickly cross-reference the fonction with 

its definition. 
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Health Professionals/ Technical 
Support/ Natural Caregivers 

Patient 

Transe ri pt Ref erence 

a) Bi-directional Audio/ 
Video Communication 

b) Teleoperation/ 
Control 

c) Persona! and 
Environmental 
Security/ S.O.S. 

a= Obj. lA. Sf. i. F. (a.), Obj. lA. Sf. i. F. (b.), 
Obj. lA. Sf. i. F. (c.), Obj. lA. Sf. ii. F. (a.), 
Obj. lA. Sf. ii. F. (b.), Obj. lA. Sf. ii. F. (c.), 
Obj. lA. Sf. ii. F. (e), Obj. lA. Sf. ii. F. (f.) 

b = Obj. lA. Sf. ii. F. (d.) 

c = Obj. lA. Sf. ii. F. (f.) 

-------- = possibility 

Obj. =objective, Sf. = sub-function, F. =fonction 

Electronic Health 
Record 

Monitoring Centre/ Firemen, Police, 
Ambulance Technicians 

Figure 4 - Engineering Objective: Telepresence - Video Communication System (UML) 

Figure 4 displays a principal objective for the engineering team in developing the robot as a 

useful intervention: Telepresence - Video Communication System. Telepresence refers to astate 

in which the beneficiary of the system perceives a distant user as being proximal through the use of 

telecommunication equipment such as speakers, microphones and visual display. Here, the system 

requires an interface with three functionalities to perform this objective adequately. 
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• Bi-directional Audio/Video Communication requires information to and from the health 

professionals, technical support (i.e., engineers, clinical researchers) the natural caregivers, 

the patient, the teleoperational system (the navigational system of the robot) and the 

patient's electronic health record. This is to ensure an adequate communication between 

the users, as well as processing and recording of pertinent information. The interesting 

thing here is the insertion of the teleoperational system to further supplement the 

audio/visual information being already received from the video communication camera. 

• Teleoperation /Contrai refers to the manipulation of the video communication system (e.g., 

operating the video camera). This one requires a link with the patient, technical support, 

the health professionals, the natural caregiver and the patient's electronic health record. 

The teleoperational system is inserted with a dotted line because the simultaneous 

movement of the robot, as one positions the video camera (i.e., for close-ups) is being 

considered as a future possibility. At the moment this capability is not possible. 

• Persona! and Environmental Security /S. O.S refers to a system wide alert in case of a 

potential threat to the environment or to the person, such as a fire or an unresponsive 

individual. For best performance, this functionality needs to be linked up with the health 

professionals, technical support (i.e., engineers, clinical researchers), the patient, the natural 

caregiver and the monitoring centre. The monitoring centre is required in order to ensure 

that the proper authorities receive the alert at the proper time. 
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Objective 

Functions 

Act ors 

Pertinent 
Characteristics 

Transcrlpt Reterence: 

a=~. 1A Sf. i. F. (a)., 
~. 1A Sf. i. F. (b)., 
~. 1A Sf. i. F. (c). 

b = ~. 1A Sf. ii. F. (d). 
c = ~. 1A. Sf. ü. F. (e) 
d = ~. 1A Sf. i. (e). 

~ = objective, Sf = sub-
functioo, F = function 

1 

a) Bi-Oirectional 
Auudio I Vidéo 
Comrunication 

Hp., Tsp., Ne., 
Ts.(Rbt.), Ehr. 

Frequent use 

Aciers: 

Hp. • Health professionals 
Tsp. • Tecl1oical SUpport 
Ne. • Nalura caregivers 
P = PatiBlt 
Ts. •Tel~ System 
Eh<. • Eledrooic health record 
Rbt. = ~ 
Mc. = M:>nilOling centre 

Telepresence - Vldeo 
Convrunlcatlon " 

1 

b) Teleoperation I 
Contrai 

System 

P, Tsp., Hp., Ne., 
Ts. loossibilitvl, Ehr. 

Camera controlled 
by user 

1 

c) Environmental 
and Persona! I 

S.O.S. 

P., tvlc., Ne., Hp., 
Tsp .. 

Extremely 
important 

1 

d) Detatchable 
Vldeo 

Comrunication 
Module 

P. (possibility) 

Very practical 

Figure 5 - Engineering Objective: Telepresence- Video Communication System (General Model) 

Figure 5 displays the same information as in the previous model in terms of the objectives, 

functionalities and actors involved. However, the difference is that the general model describes 

pertinent characteristics for the functionalities required. 

The Communication functionality is for frequent use. This is understandable given that 

communication is a major activity of the system. With this function, a caregiver can effectively 

promote the activities of health evaluation, medication supervision and educational assistance, 

because the caregiver and patient can both see and hear each other simultaneously. The 

Teleoperation functionality ensures that the user is in control of the video communication system's 

operation. 
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Understandably, the Persona/ and Environmental Security function states that this is of 

particular importance. In fact, this is an important reason for the development of this particular 

robotic system. Examples include the following: unconscious patient and/or potential threat to 

patient's safety such as fire or smoke. Therefore, this function can help ensure careful monitoring 

and supervision of the patient at home and can ensure that the operator notifies the proper 

authorities the moment the threat is detected. 

In addition, this model indicates a supplementary fonction that is not presented in the UML 

model: Detachable Video Communication Module. The reason for its absence in the 

corresponding UML model is because this is not a function requiring an interface. Essentially, this 

fonction will allow the video communication system to be detached from its robotic platform, 

remaining next to the patient, while the robot is directed elsewhere. Therefore, the user does not 

necessarily have to access the system to perform this activity. 
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Technical 
Support 

Natural 

Patient 

Transcript Reference 

a= Obj. 18. Sf. i. F. (a.) 
b = Obj. !B. Sf. i. F. (g.) 
c = Obj. 18. Sf. i. F. (f.) 
d = Obj. 18. Sf. i. F. (e.) 

a) Navigational Teleoperation 

b) Persona! and Environrnental Security/ S.O.S. 

c) Robot Status 

d) Autonomous Navigation (i.e., recharge) 

e) Assisted Navigation 

f) Cognitive Aid (i.e., alerts) 

g) Mobility Assistance + Manipulation 

h) Physical + Vital Sign Acquisition 

e = Obj. 18. Sf. i. F. (d.), Obj. !B. Sf. iii. F. (a.), Obj. !B. Sf. iii. F. (b.), Obj. !B. Sf. iii. F. (d.), Obj. IB. Sf. iii. 
F. (e.), Obj. IB. Sf. iii. F. (f.), Obj. 18. Sf. iii. F. (g.), Obj. 18. Sf. ii. F. (a.), see Video Communication Use-
case 

f= Obj. 18. Sf. iii. F. (i.) 
g = Obj. 18. Sf. iii. F. (e.), Obj. 18. Sf. iii. F. (g.), Obj. 18. Sf. i. F. (c.) 
h = Obj. 1 B. Sf. iii. F. (h.) 

-------- = possibility 

* = see Consensus Transcripts with Engineers, Health Professionals and Technological-integrator 

Obj. =objective, Sf. = sub-function, F. =fonction 

Figure 6 - Engineering Objective: Teleoperation (UML) 

Monitoring Centre/ 
Firemen, Police 
Ambulance 
Technicians 

*Information 
System 
(including: 
electronic health 
record) 
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Figure 6 demonstrates the interface required for the Teleoperation objective. Teleoperation 

refers to the direct manipulation by a distant operator for navigating, maintaining and controlling 

the robot. This interface requires a total of eight functionalities for optimum operation. 

• Navigational Teleoperation requires information to and from the health professionals and 

the robot. This fonction enables the operator to direct the robot within its environment. 

Originally, the natural caregivers and the researchers were included as principal operators, 

but it was changed during the system architecture consensus meeting because it was 

decided that only the health professionals would be the principal operators with technical 

support (i.e., engineers, clinical researchers) and the natural caregivers as a possibility. 

• Persona! and Environmental Security /S.O.S. is an emergency alert fonction signalling the 

monitoring centre instead of the robot ensuring that the proper authorities receive the alert. 

• Robot Status is a maintenance fonction permitting the display of information regarding the 

mobile robot's operational state. It requires links to and from the robot, the robot's 

information system, the patient, the health professionals and technical support. 

• Autonomous Navigation (i.e., recharge) requires a link with the robot because it needs to 

evaluate its own energy reserve to determine when to go to the charging station. 

• Assisted Navigation allows the user to query the mobile robot to find, follow or localize a 

person. Furthermore, this functionality includes a panic button so that the user can eut 

power when needed. It requires links with the previous functionality, Autonomous 

Navigation, technical support, natural caregivers, health professionals, robot and the video 

communication system. The link with the patient is indicated via a dotted line because 

presently it is not possible for the patient to ask the robot for navigational guidance. This 

may be possible later on. The link with the Autonomous Navigation function ensures that 

even when the robot is under the influence of the Assisted Navigation function, it defaults to 

Autonomous Navigation when requiring a recharge. 
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• Cognitive Aids (i.e., alerts) is necessary to help the patient with cognitive activities such as 

medication management. This requires information to and from the patient, the mobile 

robot and the video communication system. 

• Mobility Assistance + Manipulation allows the robot to push and transport objects. Under 

normal circumstances, the mobile robot has an intemal function allowing it to avoid small 

obstacles in its path. However, when the Mobility Assistance + Manipulation function is 

engaged, it disables the interna! function, resulting in the robot not avoiding the obstacle 

but pushing it instead. Mobility Assistance + Manipulation involves three links: the 

patient, the information system and the mobile robot. 

• Physical and Vital Signs Acquisition enables the robot to measure and record a patient's 

vital signs. This requires links at the present time with technical support, the natural 

caregivers, the health professionals and the information system, with the inclusion of the 

patient being a possibility later on. A patient scenario involves enabling this functionality 

through extemal requests such as touch and voice. 
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Functlono 

Act ors 

Pertinent 
Charac1Alc1sUcs 

T..-.cripl-....,, : 

• • Ctj. 18.Sf. 1. F. (• ). 
b•Ctij. 18.Sl. l. F. (g.). 
c•Ctj. IB. Sf. LF. (f). 
d•O::j. 18. Sl. l F. (e). 
• • Ctj. tB.Sl. l F. (d) .. 

Ctij. 18. Sf. li. F. (a). , 
Ctj. 18. Sf. • . F. (b)., 
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Clij. 18. Sf. li. f . (• )., 
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... \\d9o~U.-C.. 
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Teleoper.IUon l'I 

d)~ 
~(1.e., 
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e) AssiSed ~ Cogn!Ne"" 
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P. ~~),.......,,..,,,. 

~:.Tsp. , lt, t1J., P., ls. 
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RBQ.Jires ca1enœr 
1'.ilh agenda 

Figure 7 - Engineering Objective: Teleoperation (General Model) 

1 

g) MobiHy 
'4aJti..-U • 

........... """" 

P., ls. 

1 

h) Take P11,9c•I< 
w.. s;g... 

P. (po..i.,ly), Tsp., 
Ne. , t1J., ls. 

Ad:ilia1 ci 
Sl!JPerrerla"y 
<QiJJTBll 

In Figure 7, Navigational Teleoperation requires the camera and the external sensors as a 

major information source. The information system must be able to analyze this information 

correctly. Persona! and Environmental Security is very important for monitoring the patient's 

safety. Therefore, this function must operate very efficiently. The Robot Status functionality 

requires interna! sensors for proper operation. This is because the robot needs to ' sense' when it is 

malfunctioning. Autonomous Navigation requires an interna! representation of the patient' s 

environment and should be included in the robotic information system's internal memory. This 

will ensure that the robot knows where it is going in the home when it has to recharge. Assisted 

Navigation is a very useful function to have because the robot itself can help the operator navigate 

by providing valuable information such as patient localization. Moreover, this functionality can be 

utilised to help keep the robot in proximal distance to the patient when the patient moves around 

because the patient acts as a focal point for the robot. To be effective, Cognitive Aids (i .e., alerts) 

requires an electronic calendar with an agenda. This is to ensure that the system can be 

programrned to alert the patient at the proper times. Mobility Assistance + Manipulation is 
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activated by a simple patient request, either voice or touch. Finally, Physical and Vital Signs 

Acquisition necessitates supplementary equipment, such as an arm-cuff for blood pressure 

monitoring. 

Health Professionals/ 
Technical Support/ 
Natural Caregivers 

....... 
... 

a) Signal Acquisition (e.g., physical + 
vital signs) 

*//..______ __ 
Patient 

Transcript Reference 

a= Obj. lC., Obj. lA. Af. ii. F. (e.), Obj. Sf. ii. F. (f.) 

-------- = possibility 

Obj. =objective, Sf. = sub-function, F. =fonction 

Figure 8 - Engineering Objective: Health Sensory System (UML) 

Electronic 
Health Record 

Figure 8 demonstrates the importance of the Health Sensory System from the engineering 

point of view. This objective requires only one fonction: Signal Acquisition. This fonction 

enables the acquisition of physical and vital signs with the addition of supplementary equipment. 

To be effective, this interface requires links with the patient, health professionals and the patient's 

electronic health record. Moreover, since it has its own interface, this can be considered as a 

separate component. 
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Objective 

Functions 

Act ors 

Pertinent 
Characteristics 

Transcript Reference : 

a• Obj. 1C. 
Obj. 1A. Sf. ii. F. (e)., 
Obj . 1A. Sf. li. F. (f). 

Obj •Objective, Sf • 
Sut>-f\xlclion, F • function 

ActO<S : 

Hp. ; Heallh professionals 
P z PatieR 
El'<. • Eledronic health 

recold 

Heolth Sen•ory 
System 

~ "' 

a) Signal Acquisition 
(e.g., physical +vital 

signs) 

P., Hp., Ehr. 

Extremely 
useful 

Figure 9 - Engineering Objective: Health Sensory System (General Model) 

Figure 9 demonstrates that the objective requires only one function linked to the health 

professionals, the patient and the electronic health record. In addition, this function can be 

extremely useful because the acquisition of physical and vital signs is very important for effective 

surveillance of geriatric patients, for example blood-pressure monitoring. Furthermore, since this 

component is already present, all that would be required is to install the necessary equipment. 
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Caregivers 

Patient 

Transe ri pt Ref erence 

a= Obj. Al. F. (a.) 

b = Obj. Al. F. (b.) 

Obj. =objective, F. =fonction 

Electronic Health 
Record 

Figure 10 -Technological-integrator Objective: Enhanced Telepresence for Telehealth (UML) 

Figure 10 demonstrates that for the technological integrator, the integration of the 

Telepresence objective within the patient's environrnent is of utmost importance clinically. To do 

this effectively, all the various functionalities representing Communication and Surveillance must 

be adapted accordingly with the needs of the health professionals. They must also be linked with 

the patient, technical support, health professionals, natural caregiver and the patient' s electronic 

health record so that the proper flow of information can be established. 
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Objective 

Functions 

Actors 

Pertinent 
Characteristics 

Transcript Reference : 

a= Obj. A1. F. (a). 
b = Obj. A1. F. (b). 

Obi = objective, F = function 

1 

a) Communication 

P., Hp., Ne., Ehr. 

Audio data - synehronized 
with movement 

Actons: 

P =Patient 
Hp. = Health professional 
Ne. = Natural caregivers 
Ehr. = Eelectronic health 

record 

Enhanced 
Telepresence for . 

Telehealth 
:: 

l:'l'i':.:·.·w,cc ·x·Jo.o:·>. 

1 

b) Surveillance 

P., Hp., Ne., Ehr. 
Referenee frame 
depends on type of 
clinieian 

Figure 11 - Technological-integrator Objective: Enhanced Telepresence for Telehealth (General 
Model) 

Figure 11 additionally states that for the Communication functionality, the audio data must 

be in complete synchronicity with the image. This is important because the health professional 

needs to understand the patient's condition immediately and not after a certain time has elapsed. 

Furthermore, the Surveillance functionality states that the reference frame surrounding the image 

on the visual display depends on the health professional. For example, a nurse requires a large 

reference frame to see the patient and the environment, whereas a physiotherapist is more 

interested in the patient's functional mobility. 
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Technical Support/ Healt 
Professionals/ Natural 
Caregivers 

Patient 

Transcript Reference 

a= Obj. A2. F. (a.) 

Obj. =objective, F. =fonction 

a) Distant Control ofEquipment 

( e.g., supplementary health 

Information System of 
Health Sensory System 

Figure 12 -Technological-integrator Objective: Platform for New Development (UML) 

In Figure 12, the Technological-integrator identified another objective for the development 

of the robot: A Platform for New Development. Using the technology developed for the 

teleoperated mobile robot, new and improved supplementary technology and equipment could be 

derived. Therefore, the robot itselfbecomes a springboard in which new and improved 

technologies can potentially be launched. An example of such technology is the first functionality, 

Distant Contra! of Equipment. This functionality gives control to supplementary equipment such 

as blood pressure monitoring to the user. The user could potentially activate the sensor using voice 

command. This is one potential usage. For the moment, it is the only one under consideration. 
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Objective 

Functions 

Actors 

Pertinent 
Characteristics 

{

Transcript Référence : } 

a = Obj. A2. F. (a). 
b = ln definition 

Obj =Objective, F = function _ 

1 

a) Distant Contrai 
of Equipment 

P., Hp., Ne., ls. 
Low margin of 
error, robust and 
reliable 

{

Actors: } 

P =Patient 
Hp = Health professionals 
Ne = Natural caregivers 
ls. = Information system 

Platform for New '· 
Development 

''i 
' 

····- '°~ '" ,,-~"'"-''' ··n;.-

1 

b) Definition of New 
Technologies 

ln defintion 

ln definition 

Figure 13 -Technological-integrator Objective: Platforrn for New Development (General Model) 

Figure 13 states that for the functionality Distant Contro/ of Equipment a low margin of 

error is required. This is important because when controlling equipment from a distance it is 

imperative that the particular equipment that one wants to activate becomes activated and not 

something else or nothing at all. Definition of New Technologies is simply a title given to a 

presently undefined, potential new technological innovation based on the mobile robot technology. 

For the moment, it is undefined and left unspecified in the UML use-case model. 
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Operator 

a) History 

b) Evaluation of Physical 
Condition 

c) Evaluation of Functional 
Capacities 

i) Establish Objectives and 
Teach Treatment Modifications 

Transcript Ref erence 

a= Obj. Ala. F. (i.) 
b = Obj. Ala. F. (ii.) 
c = Obj. Ala. F. (iii.) 
d = Obj. Ala. F. (iv.) 
e = Obj. Ala. F. (v.) 
f= Obj. Ala. F. (vii.) 
g = Obj. Ala. F. (vi.), see Distant Physiotherapist Transcript and Consensus 

Transcript with Engineers, Health Professionals and Technological-integrator 
h = same as g. 
i = same as g. 

*Health Sensory 
System 

Electronic 
Health 
Record 

* = see Consensus Transcripts with Engineers, Health Professionals and Technological-integrator 

Obj. =objective, F. = function 

Figure 14 - Physiotherapist Objective: Functional Evaluation (UML) 
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Figure 14 states that for the physiotherapist, an interface with nine functionalities in the 

above sequence is necessary to ensure the teleoperated mobile robot meets the objective, 

Functional Evaluation. 

• History involves the elaboration of the patient's medical, surgical and family history. This 

requires a direct link with the patient, the health professionals and the electronic health 

record for proper functioning. 

• Evaluation of Physical Condition involves the assessment of the patient' s physical state, 

including vital signs, and requires the same information links, as well as a new link with the 

health sensory system. This is necessary because the health sensory system may provide 

additional information pertaining to vital signs (e.g., heart rate) provided the necessary 

equipment is added. 

• Evaluation of Functional Capacities is a function assessing the patient's mobility. This 

requires information to and from the patient, the health professionals, the patient's 

electronic health record and finally, the information system. A link with the information 

system is necessary because there may be supplemental information pertaining to the 

patient's functional mobility residing in the database from a previous session. 

• Global Evaluation of Cognitive Ability is a fonction to allow the physiotherapist to assess 

the patient's cognition through an audio/visual link. 

The following functions require information links identical' to the first functionality, 

History, in the complete sequence, such as the patient, the health professionals and the patient's 

electronic health record: 

• Establish Treatment Objectives and Provide Treatment allows the physiotherapist to list the 

treatment objectives and inform the patient. 

• Give Reprieve and/or Do Fo/low-up enables the physiotherapist to input the decision 

regarding the patient's follow-up and conducts the follow-up session with the patient. 
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• Verification of Security enables an operator (i.e., health professional or technical support) to 

check the enviromnent for anything that can hinder the safe realisation of physical activities 

(i.e., lack of physical supports, obstacles, etc.) and assures the health professional that there 

is a contact person in case of emergency. This requires information to and from the patient, 

the health professionals, the electronic health record and the operator. The operator (i.e., 

health professionals or technical support) is necessary because one can utilise the robot to 

survey the environment. 

• Re-evaluation of Physical Condition ensures that the physiotherapist conducts a follow-up 

evaluation of the patient's physical condition. This requires links with the patient, the 

health professionals, the electronic health record and the health sensory system to be 

effective. 

• Establish Objectives and Teach Modified Treatment allows the physiotherapist to list the 

updated treatment objectives, as well as inform the patient. This requires information to 

and from the patient, the health professionals and the electronic health record. 

49 



1 1 
Functlon 

b) EVlh.uition of e) Ev1IU1tion ol 
1) Hlstory Phyt.leal Funetlonal 

Condition Capadtlies 

P., Hp., EtY. P., Hp., Et..., Hss. P., Hp. , Ehr., ls. 

a • Obj. A 1a. F. (i). 
b• Obf. A1a. F.(ii). 
t•Obj. A1a. F.(ô). 
d • Obj. A 1a. F. (IY). 
e ::i: Obj. A1a. F. (v). 
f • 0t:4'. A1a. F. (vii). 

?Urt ard fanily 
Nsto<y, wedk:ation 

Musa.<3' 
SllerQ"1 

g• Obj. A 1a. F. (<i) .• see 
~-J);slatt~st. 
Consensus Tr~ 'Nith Erçireers, Health 
Prolessionals ard Tedlnologk:al-Regralo< 

h • Obj. A 1a. F. (,;)., see 
""""""-DIS1a<tPhysio"1erapist, 
Consensus Transaipt wilh EngireeB. 
Heallh Proles9onals ard Tedlrobglcol· 
inleg,_ 

i • Qt4. A1a. F. (ll'i)., see 
~-J);slatt~st. 
CoosensusT~'""1 ~s. Heal1h 
Pnlles9onals ard Tedlnologk:al-ir<egrato< 

Obi • objeaM!, F • Junc:tion 

Capable ci wal~rQ . 
di'rüng stairs 

Aetor1 : 

P •Patiert 
Hp • Heafth profession.al 
El'W'. • 8ectronic heatth 

rea>'d 
Op. •Operatof 
ls. • lfQmation SySiem 
Hss.• Health sensory system 

Functlonal ' 
Ev1h.uidon 

- -

d) Globo! 
EV1lu.1tlon or 

Cognitive 
Ablllty 

P., Hp., Etv. 

To asses 
patier.-s 
CX>fTl:W"ehension 

1 1 1 1 
• ) Embllllll 
Trutment ~ G/ve Ropriov1 

Objectives 1nd 1nd I or Do g) Vertfteatlon of h) R ... v1IU1don 

ProvkM Fol'°'*"P s..: .. Jty of PhysJeal 
Condition TrNtn.nt 

P., Hp., Elv. P., Hp., Elv. P., Hp., Etv., Op. P., Hp., Ehr., Hss. 
Depen:is on ire Boch operato< ard 
realiz4û>n of To be able to detea 

Very~ t-eantl professionals c:l\onges obje<tNes can ooncribUe 

Figure 15 - Physiotherapist Objective: Functional Evaluation (General Madel) 
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In Figure 15, the History functionality requires patient and family history, as well as 

medical and surgical history. An important parameter for the functionality, Evaluation of Physical 

Condition, is muscular strength. Data entry fields, therefore, need to take into account these 

specific kinds of data. Evaluation of Functional Capacities involves an assessment of the patient's 

mobility, such as walking and the ability to ascend and descend stairs. Global Evaluation of 

Cognitive Ability is necessary to ensure that the patient is able to understand the physiotherapist 's 

recommendations. Establish Treatment Objectives and Provide Treatment is very important, 

because without it, a physiotherapy intervention will not be possible. Give Reprieve and/or Do 

Follow-up is dependent upon the realization of objectives. Bence, the data intake form must 

include data input fields for bath reprieve and follow-up. To get the most out of Verification of 

Security, it is recommended to have bath the health professionals and the operator contributing 

information. Re-evaluation of Physical Condition is important to detect any potential changes at 

subsequent visits . Finally, Establish Objectives and Teach Modified Treatment is required so as to 
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update the patient with regards to the newly rnodified treatrnent in response to the changes 

docurnented. 
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Doctor/ Health 
Professionals 

Patient 

Transcript Ref erence 

a= Obj. Alc(i.) F. (1.) 
b = Obj. Alc(i.) F. (2.) 
c = Obj. Alc(i.) F. (3.) 
d = Obj. Alc(i.) F. (4.) 
e = Obj. Alc(i.) F. (5.) 
f= Obj. Alc(i.) F. (6.) 
g = Obj. Alc(i.) F. (7.) 

a) See the Patient 

* = See Benchmark Consensus Transcript 

Obj. =objective, F. = function 

*Information 
System (including: 
mobile robot) 

*Health Sensory 
System 

Record 

Figure 16- Medical Objective: Medical Evaluation and Responsibility (UML) 
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Figure 16 indicates that the physician's main purpose revolves around the objective: 

Medical Evaluation and Responsibility. To accomplish this objective effectively, seven 

functionalities are required in the following sequence: 

• See the Patient allows the physician to communicate with the patient. 

• History involves the elaboration of medical, surgical, patient and family history. 

• Evaluation of Physical Condition allows the assessment of the patient's physical state 

including vitals. 

• Laboratory Results enables the input and output of the patient's laboratory workup 

information. 

• Give the Treatment Plan allows the physiotherapist to list treatment objectives and inform 

the patient. 

• Surveillance Verification allows the physiotherapist to input information regarding patient 

supervisor status (i.e., who is watching over the patient and how often one is present). 

• Follow-up allows the physiotherapist to communicate with the patient for follow-up visits. 

Note that See the Patient, Laboratory Results, Give the Treatment Plan and Follow-up 

require information to and from the same sources: the patient, the health professionals and the 

patient's electronic health record. History and Verification of Surveillance require information 

from the patient, the health professionals, the electronic health record and the information system. 

Finally, Evaluation of Physical Condition requires a link with the health sensory system rather than 

the information system, so as to measure and record vital signs, with all other parameters being 

identical to the previous one. 
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Objective 

Functions 

Actors 

Pertinent 
Characteristics 

Transcrlpt Reference : 

a•~. A1 . F . c(1). 

b•~. A1.F. c(2i 
C" ~. Al. F. c(J). 
d •~- Al. F. c(4). 
e•~. A1 F. c(S). 
f• ~. A1 . F . c(6). 
g•~. A1 . F . c(7)., 

~. A1 . F . c(8). 
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1 1 1 
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P, Hp., Ellf. P .• t"c .. Elv. P., Hp., Elv., ls. P., Hp., EIY. 

lfprotllem To be seen alter 2 
CO'Tlliex. nrre Uselû V ery irrpor1a nt ~or3rmnths 

·~·· 
(team.voô<) 

Figure 17 - Medical Objective: Medical Evaluation and Responsibility (General Mode!) 

Figure 17 includes supplemental information regarding each of the fonctions. The 

functionality See the Patient requires the establishment of a primary contact between the patient 

and the physician. The History functionality includes persona! and family history, such as prior 

surgery and prior family illness . Evaluation of Physical Condition requires the physician to 

conduct a physical exam and an evaluation of prescribed medication. Thus, the audio/video signal 

must be of extremely high quality to ensure that the physician interprets the input correctly. The 

functionality Laboratory Results may involve a battery of tests depending on the nature and 

complexity of the medical problem being addressed. Give the Treatment Plan is a very useful 

functionality to have, because once the patient's medical problem has been evaluated by the 

physician, a patient-specific treatment can be developed and then applied to the patient. 

Verification of Surveillance is essential to ensure that the patient adheres to the treatment regime 

and that the patient is safe and secure. Finally, Follow-up ensures that any change in the patient's 

condition is documented. This not only requires input from the doctor, but also other clinical team 

members. 
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Patient 

Transe ri pt Ref erence 

a= Obj. Al. F. (b.) 

b = Obj. Al. F. (c.) 

c = Obj. Al. F. (d.) 

Obj. =objective, F. = fonction 

a) Situational Evaluation 

c) Follow-up 

Figure 18 - Social Worker Objective: Case Manager (UML) 

Electronic 
Health Record 

In Figure 18, the social worker has Case Manager as its sole objective. This objective 

implies that for the social worker to be an effective case manager using the teleoperated mobile 

robot, the interface requires three functionalities in the following sequence: 

• Situational Evaluation for the elaboration and description of the circumstances that resulted 

in a social work intervention. 

• Elaboration of Intervention Plan for a description of the intervention plan including a 

patient consultation session. 
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• Follow-up of a patient evaluation sessions following the first implementation of the 

intervention to gauge its effects. 

All these functionalities require information to and from the same sources: the social 

worker, the health professionals, the patient and the patient's electronic health record. 

Objective 

Functions 

Ac tors 

Pertinent 
Characteristlcs 

1 

a) Sltuatlonal 
Evaluation 

P., Hp., Ehr. 

Health conditions, 
life habits 

{
T~nscrlpt Reforence : } 
a-ObJ. A1. F. (bl. 
b • Obj. A1. F. (C). 
c•Obj.A1.F.(d). 

Obj = ob,iective, F"' fundion !Actors: ) 
P =Patient 
Hp = Health professionals 
Ehr.• ElecttOnlc healtll 

reoord 

Case Manager 

b) Elaboration 
of an 

Intervention 
Plan 

P., Hp., Ehr. 
Respite help, baby-
sitting, psychosocial 
follow-up, nursing 
care 

Figure 19 - Social Worker Objective: Case Manager (General Model) 

1 

c) Follow·up 

P., Hp., Ehr. 

At least once per year 

Figure 19 elaborates a bit more fully on these functions. For Situational Evaluation, the 

additional information states that this function is based on the viewpoint of man y health 

professionals and notjust that of the social worker_ Elaboration of Intervention Plan can consist of 

services, depending on the patient's needs, such as respite, baby-sitting, nursing care and 

psychosocial follow-up. The Follow-up functionality becomes very important, because once the 

intervention is given the resulting effects need to be investigated and documented to determine 

whether the intervention sufficiently addresses the patient's needs. 
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Caregivers 

Patient 

Transcript Reference 

a= Obj. Al. F. (a.) 

b = Obj. Al. F. (b.) 

c = Obj. Al. F. (c.) 

a) Global Biological Evaluation 
and Treatment Follow-up 

b) Global Psychological 
Evaluation 

c) Global Social Evaluation 

d) Teaching Natural 
Caregivers 

d = see Consensus Transcript with Engineers, Health 
Professionals and Technological-integrator 

* = see Benchmark Consensus Transcript 

*Information 
System 

Figure 20 - Nursing Objective: Biological Evaluation and Medical I Psychosocial Follow-up 
(UML) 

Figure 20 demonstrates that the main objective for the nurse involves a combined biological 

evaluation and psychosocial follow-up with four functionalities in the following sequence: 
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• Global Biological Evaluation and Treatment Follow-up for an initial assessrnent of 

rnedication, vital signs, surgical history and farnily history, including subsequent visits. 

• Global Psychological Evaluation for assessing cognition and behaviour. 

• Global Social Evaluation for assessing farnily and social environrnent. 

• Teaching Natural Caregivers for educating natural caregivers with respect to irnproving 

patient care. 

It should be noted that the last functionality, Teaching Natural Caregivers is placed last in 

the sequence, however in reality this functionality should be accessible to the nurse at all tirnes. 

In this rnodel, the first three functionalities require identical information links. Global 

Biological, Psychological and Social Evaluations all require information to and frorn the sarne 

sources: the patient, the health professionals and the patient' s electronic health record. This is 

because all three functionalities deal with evaluating an aspect of the patient's overall condition. 

The Teaching Natural Caregivers functionality, however, involves educating natural caregivers in 

terms of preventive care and the proper use of specialized equiprnent so they can perform their 

duties more effectively; thus, in this context the patient is not required. 
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Objective 

Functions 

Actors 

Pertinent 
Characterlstics 

1 

a) Global 
Biologlcal 

Evaluation and 
Treatment 
Follow-up 

P., Hp., Ehr. 

Firststep 

Transcrlpt Reference : Actors : 

a= Obj. AL F. (a) 

b = Obj. A1. F. (b) 

c = Obj. A1. F. (c) 

d = see Consensus Transcrlpt 
with Engineers, Health 
Professionals and 
T echnological8 1ntegrator 

Obj = objective, F = function 

P =Patient 
Hp. = Health professionals 
Ehr. = Electronic health 

record 
Ne. = Natural caregivers 
ls. = lnfonnation system 

Blologlcal : 
Evaluation and 

Medlcal/ i~ Psychosocial 
Follow·up 

·~"" 
.. ,,, ' 

1 1 1 

b) Global d) Teachlng Psychological c) Global Social 
Evaluation Evaluation Natural Careglvers 

P., Hp., Ehr. P., Hp., Ehr. Ne., Hp., Ehr. 

Referred to a 
neuropsychologist Reflects patient's 

Very important if needed autonomy 

Figure 21 - Nursing Objective: Biological Evaluation and Medical /Psychosocial Follow-up 
(General Model) 

In Figure 21, the Global Biological Evaluation and Treatment Follow-up functionality 

stresses that this activity should be the first step in the series. When a nurse first encounters a 

patient, this is the first evaluation that the nurse undertakes. For Global Psychological Evaluation, 

the nurse makes a general psychological evaluation and then if deemed necessary, can refer the 

patient to a neuropsychologist. Therefore, a field indicating referral information would be an asset. 

Global Social Evaluation indicates this function's importance by stressing its relationship with 

patient autonomy. The relationship is the following: the more apt the patient is to participate in 

social situations, the more autonomous the patient will feel and be. Finally, the Teaching Natural 

Caregivers functionality is very important because providing education to the caregivers can 

enhance overall patient care and can provide better support in promoting patient autonomy. 
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*Security Verification 

Operator 

*Evaluation of Home Adaptations 

*Evaluation of Autonomy 

*Evaluation of Social Participation 

Patient 

Transe ri pt Ref erence 

* = see Consensus Transcript with Engineers, Health 
Professionals and Technological-integrator 

** = see Benchmark Consensus 

Electronic 
Health Record 

**Information 
System 

Figure 22 - Occupational Therapist Objective: Evaluation of Surroundings and Social 
Participation 

Figures 22 and 23 for the Occupational Therapist are adapted from a consensus meeting 

with the health professionals. 

In Figure 22, the main objective for the Occupational Therapist is the Evaluation of 

Surroundings and Social Participation. The UML use-case model displays the functionalities 

necessary to correctly administer this objective using this information system. To achieve this 

purpose, the objective requires four functionalities in the following sequence: 

• Security Verification for an assessment of the patient's security in performing activities 

such as the use of mobility supports and obstacles that can hinder the environment. 
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• Evaluation of Home Adaptations for verification of the installation of grab-bars, ramps, etc. 

• Evaluation of Autonomy in Activities for evaluating the patient's level of independence in 

performing activities. 

• Evaluation of Social Participation for evaluating the patient' s level of participation in 

social and family activities. 

Interestingly, in this use-case model the information links depend on the functionality. The 

functionality, Security Verification, requires information to and from the patient, the health 

professionals, the operator (i.e., health professionals or technical support) and the patient's 

electronic health record. The operator is necessary because the robot can be utilised to survey, 

monitor and record information on the environment. Evaluation of Home Adaptations requires one 

less link: the patient. The patient is not necessary because it is not the patient's responsibility to 

conduct an evaluation. Both Evaluation of Autonomy in Activities and Evaluation of Social 

Participation require the same links: the patient, the health professional, the electronic health 

record and the information system. The reason is that these functionalities are very similar in 

nature: they both consist of evaluating some type of patient activity. However, the difference is 

that the first functionality is more focused on physical activities, whereas the last functionality 

involves social activities. 
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Objective 

Functions 

Actors 

Pertinent 
Characterlstlcs 

Transcrlpt Reference : 

• = see Consensus Transcript 
With Engineers, Health 
Professionals and 
Technological-integrator 

Obj = objective, F = function 

* Security 
Verification 

P., Hp., Op., Ehr. 

Surveillance 

Actors: 

P = Patie.nt 
Hp = Health professionals 
Op = Operator 
Ehr .. = Electronic health 

record 

Evaluation of 
Surroundlng& and 

Social Participation 

* Evaluation of • Evaluation of • Evaluation of 
Home Autonomy in Social 

Adaptations Actlvlties Participation 

Hp., Op., Ehr. P., Hp., Ehr. P., Hp., Ehr. 

T o assure that the patient Exteremely Factor which 
can safely displace hlm I important for the reflects quality of 
herself in the environment patients life 

Figure 23 - Occupational Therapist Objective: Evaluation of Surroundings and Social 
Participation 

Figure 23 further supplements the above information by providing insights into each 

fonction. The Security Verification functionality consists of surveying the patient's activities and 

environment to verify the possibility of obstacles, which may hinder the completion of these 

activities. The Evaluation of Home Adaptations functionality involves surveying the environment 

for the proper installation of necessary home adaptations, to ensure patient safety and security. 

Evaluation of Autonomy in Activities is important for the patients, because their overall autonomy 

is a fonction of the autonomy in their daily activities. Therefore, one would like to see an 

improvement in this factor. Finally, Evaluation of Social Participation is important because this is 

a good reflection of the patient's quality oflife in the sense that social participation such as playing 

cards, bingo, etc. can decrease the patient's sense of isolation, leading to a happier state ofbeing. 
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3.2 Consensus 

Appendix H displays the consensus transcripts for the different groups of participants 

showing the validation sessions. Consensus was achieved for the use-case models at two different 

sessions: one for the robotic engineer group, and the other for the combined group of users (i.e., 

health professionals, technological-integrator and engineer). The first session reflects consensus 

within the engineering group itself and the second session reflects consensus within the combined 

group of users. Each consensus transcript reflects the changes made to each of the preliminary use-

éase diagrams. Since the heath professionals and the technological-integrator both have clinical 

perspectives, they were combined into the same group. 

3.3 Overall Functional Summary 

To put the above diagrams in perspective, the following three schemas were developed 

showing a general overview ofhow the functionalities divide up in each group depending on the 

particular role involved. In general, there are three major categories of actors: the robotic engineer 

group, the technological-integrator and the health professional group. Each one of these groups as 

a whole focuses on a particular aspect of the technology. However, there are differences within the 

groups depending on the particular roles involved. 
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Telepresence -
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System 
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-robot 
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Figure 24 - Engineering Functionalities as a Function of Roles 

Health Sensory 
System 

- signal 
acquisition (i.e., 
physical + vital 
signs) 

Figure 24 demonstrates the fonctions for the robotic engineers. The group of engineers 

consists of the following expertise: operator-interface, electrical, locomotive and integrative 

robotic system design. In general because of their expertise, the design application of this group 

was primarily focused on the technical operation and maintenance of the robot, with a secondary 

focus on the assurance of patient care. Working together this group of engineers helped develop 

three use-case models, one for each of the following major objectives: Telepresence - Video 

Communication System, Teleoperation and Health Sensory System. Each major objective then 

forther subdivides into more technically specific fonctionalities, which vary depending on the role 

of the engineer. For example, the navigational fonction within the Teleoperation objective was 

based on locomotive, operator-interface, electrical and integrative robotic system design expertise; 

the audio-video communication fonction within the Video Communication System was based on 

operator-interface, electrical and integrative robotic system design; and the vital sign signal 

acquisition within the Health Sensory System was based on robotic integrative system design with 
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input from the technological-integrator. The Health Sensory System involves the acquisition of 

health status indicators requiring the design expertise of the technological-integrator ensuring 

overall safety and ease of use. 

Technological-integrator 

/ 
Enhanced 

Telepresence for 
Telehealth 

-communication 
-surveillance 

Platform for New 
Development 

-distant contrai of 
equipment 
-definition of new 
technologies 

Figure 25 -Technological-integrator Functionalities as a Function of Role 

Figure 25 demonstrates the resulting objectives for the technological-integrator. They 

indicate a focus on the integration of new technology within the patient's environment for patient 

safety and security. Upon further examination, one can clearly see that this overall assessment sub-

divides into two major objectives with very specific functionalities. For example, the objective 

Enhanced Telepresence for Telehealth requires proper integration of all the communication and 

surveillance type functions found on the teleoperated mobile robot, and the second objective 

Platform for New Development aims at using the technology developed for the robot as a platform 

for the development of other beneficial technologies, such as the distant control of equipment ( e.g., 

voice activated blood-pressure monitoring). 
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Figure 26 - Health Professional Functionalities as a Function of Roles 

plan 
-follow-up 

The health professionals were more focused on patient care as evidenced in the above 

model. In general, the functionalities required for optimum performance centre on the following: 

patient evaluations, treatment development and patient follow-ups. Each particular discipline has 

very specific requirements. For example: the physician represents the medical functions ( e.g., 

medical history, lab results); the nurse represents an overview of psychological, biological and 

social functions so as to get a general impression of the patient' s condition; the physiotherapists are 

focused on the patient' s physical condition; the occupational therapist focuses on the patient' s 

environment; the social worker evaluates, manages and directs the case to the corresponding 

caregiver and social services. 
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4. SYSTEM ARCHITECTURE 

The system architecture of the mobile robot information system was developed to meet the 

needs of the activities that are identified in the needs analysis part of the methodology. The 

previous use-case models were integrated within this model. Figure 27 represents this system 

architecture, such as the hardware and software (e.g., databases) in relation to the different 

categories of actors. 
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Interfaces lnterventioo 

Definition of Interfaces: 

EHR Interface - Software which permits the 
user to access the electronic health record to 
view and record requested information. 

Health Interface - Software which permits the 
user to communicate and survey the patient 
through the video communication system. 

Operation Interface - Software which permits 
the operator to control, direct and manipulate 
the mobile robot. 
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The complete intervention is a moving robotic platform housing a computer and a video 

communication system. On the robotic end of the system, the information sources are the robot, 

the patient and the health sensory system. All this information is transmitted to the computer 

system on the robotic platform, which then in turn transmits it to the distal computer system. The 

distal computer system includes a system database where the data is stored. Sorne of this data can 

be transferred to the electronic health record. An example involves the health professionals 

perusing through the data collected by the robotic information system and selecting the necessary 

information to be stored in the electronic health record. Clinical notes, however, can be entered 

directly into the electronic health record. As a matter of fact, the only users with the privilege of 

accessing this information are the health professionals. In terms of viewing this information, all 

health professionals will have access. However, for purposes of modifying the data, only the 

respective health professional will be given permission. Technical support (i.e., the researchers 

and engineers) can only manipulate the system database information, as shown above by a dotted 

double arrow. In addition, the information flow between the electronic health record and the 

system database is unidirectional in nature, always towards the electronic health record. In the 

future, this flow can become bi-directional for the purposes ofretrieving information from the 

electronic health record to be used for automatic monitoring of vital signs, such as blood pressure, 

by the robot. The health professionals, technical support and the natural caregivers can use the 

health capabilities (i.e., Video Communication System). However, the health professionals will be 

the primary users of its teleoperational capabilities, with technical support taking on a supportive 

role (i.e., system administrators) and the natural caregivers being a future possibility. In the case of 

the absence ofboth the patient and health professionals, a scenario under consideration involves 

putting the system on standby so that the system can be re-initiated at a moment's notice. 

Furthermore, secure accessibility will be assured for all users through the use of usernames and 

passwords. 

The above architecture demonstrates the importance ofhaving three interfaces, specifically 

Health, Electronic Health Record, and Teleoperation. Health is achieved by combining all the 

health professional interfaces, the Health Sensory System Interface and the Video Communication 

Interface into one. A new interface, the Electronic Health Record is created by separating all the 

functionalities involving the recording and transmission of information system health data and 

placing them in this interface. Teleoperation is untouched. 
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This diagram was validated amongst representatives from all three categories of actors, the 

engineers, the technological-integrator and the health professionals as described in the 

methodology. Consensus was first achieved within the groups and then subsequently achieved 

across the groups. Note that the consensus for both the system architecture and the health 

professional use-case models were conducted at the same meeting. Appendix H presents the 

consensus transcript. 

5. CASE EVALUATION 

To conduct a case evaluation of the teleoperated mobile robot application, one needs to 

create a case scenario. This was created based on a description of a typical case encountered in the 

home health context. The criteria developed by the project team were also in line with the 

anticipated functionality of the robot in the next phase of its development. In this phase, the 

functionalities of interactive voice and sound enabled by the mobile robot between patient and 

caregiver were considered. 

The criteria for development of the case scenario were: 

a) Elderly patient (65 years and older) 

b) Home monitoring of chronic disease 

i) Detection of symptom deterioration 

c) Risk of major consequences of the disease 

i) Inappropriate Treatment 

ii) Change in mental state 

iii) Change in mobility 

d) Training and community support 

A fictitious case was developed to contain this set of criteria. Representatives of the 

clinical team determined these characteristics. 
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Type II diabetes was chosen because it represents a good example of a chronic disease 

typically treated at home with a range of serious side effects stemming from inappropriate 

treatment such as polyneuropathy and feet ulcerations (representing a loss of mobility) to a change 

in mental state (such as secondary delirium). Careful monitoring of foot-care and blood glucose 

levels in conjunction with caregiver training was necessary to ensure adequate treatment. 

This analysis covered four different interventions given by four different types of user (a 

doctor, an occupational therapist, a physiotherapist and a nurse). 

In all cases, it was assumed that the mobile robot is adjacent to the patient and that the 

complete system is surveyed and monitored prudently by technical support in order to assist the 

user in case of any malfunction. 

5.1 Case Scenario Detail 

Mrs. Tremblay is 78 years old and lives in a ranch style, single-family home (i.e., a home 

with onefloor only) in Eastman (45 minutes/rom Sherbrooke). It's been 3 years since she has 

been hospitalized following a severe Jal! descending the stairs of her residence. White evaluating 

her condition during the hospitalization, the medical team noticed she had problems with 

equilibrium and mobility. Supplementary examinations revealed secondary polyneuropathy 

associated with non-diagnosed type II diabetes. For her hospital leave, a mobility aid was 

prescribed with a referral to her family doctor to manage her diabetes. She presently lives a/one 

in her home, having lost her husband to cancer 5 years ago. She possesses a car and still 

participates in community activities (religious services, bingo, etc.). She receives visits /rom her 

children once every 2 months since they live in Québec. 

Recently, Mrs. Tremblay 's son communicated with her family doctor so as to inquire about 

his mother 's health status. At the time of a visit, her family doctor noticed that his mother 's 

physical and mental health appeared to be fragile. Mrs. Tremblay had confused speech and her 

persona/ hygiene was poor. She had difficulty moving around in her home and displayed traces of 

ecchymosis on her arms. Her home was obstructed and dirty, while her refrigerator was 

practically empty. A burnt pot rested on her stove. After an initial evaluation of Mrs. Tremblay, 
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which revealed the presence of a secondary delirium associated with dehydration, above-normal 

glycaemia and the start of feet ulcerations, her family doctor referred her ta a short-term care 

facility (UCDG) of the CSSS-IUGSfor immediate treatment and a more exhaustive evaluation. 

Mrs. Tremblay was admitted ta the UCDG of the CSSS-IUGSfor treatment in order ta assess her 

functional autonomy. She has been seen by different health professionals specifically a 

physiotherapist, an occupational therapist, a nurse and a doctor. Mrs. Tremblay is extremely frai!, 

but will be able to return home. 

During her stay at the UCDG, the use of a walker was prescribed. A case-manager was 

attributed who, in agreement with the professional evaluations, Mrs. Tremblay and her family, 

prepare her return home. The action plan put in place by the case-manager for her return home 

includes a medical follow-up and paramedical approach with the inclusion of assistive services 

from the CLSC (i.e., a community care centre) ta compensate for her loss of autonomy. Mrs. 

Tremblay will profit for the jirst 2 weeks by the presence of her son. 

It has been determined that the medical and paramedical follow-up necessary will be 

conducted by assisted telehealth with a mobile robot installed at her home. As a prerequisite ta 

Mrs. Tremblay 's hospital leave, she was familiarized with the mobile robot and the high-speed 

Internet link was installed with success. 

The health professionals implicated in the home follow-up of the use-cases developed for 

this study were the following: a physician, a nurse, a physiotherapist and an occupational therapist. 

The case scenario was divided into the different type of care required by each of the different 

health professionals (see Table 4). 
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Table 4: Different Types of Care According to Category of Each Health Professional 

Health Type ofCare 

Professional 

Physician A bi-weekly follow-up by the treating doctor of the UCDG (i.e., short-term care facility) for her 

associated medical conditions (e.g., hypertension, arthritis, diabetes) and their pharmacological 

treatment 

Nurse Weekly evaluations by a CLSC (i.e., community care centre) nurse to contrai her glycaemia and 

her feet ulcers. 

Physiotherapist A bi-monthly follow-up in occupational therapy and physiotherapy to evaluate her capacity to 

realize specific activities (e.g., mobility, personnel hygiene, cooking, house-work) and 

coordinate, ifnecessary, CLSC (i.e., community care centre) services to compensate (e.g., 

housecleaning, meals on wheels). 

Occupational Monthly evaluations by an occupational therapist ofher environment to proceed, ifnecessary 

Therapist with home adaptations to redu ce the risk of falls and to facilitate her activities of daily living 

inside her home (i.e., transfer bars for toilet and bed ). 

5.2 Activities and Sequence Diagrams for Different Types of Care 

Each sequence diagram per type of care required, on average, six activities by the health 

professionals for the successful completion of each follow-up using the mobile robot information 

system. These activities are detailed in the context description below. Note that in each of these 

diagrams the robotic platform is composed of the mobile robot and its two information systems: 

the proximal and distal information systems. 
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a) Sequence Diagram 1 - Physician 

A bi-weekly follow-up by a doctor from the UCDG (i.e., a geriatric short-term care facility) 

for medical conditions associated with the following conditions: high blood pressure, arthritis, 

diabetes and their pharmacological treatments. 

a. Doctor consults electronic health record. 

1. Looks at the following measurements 

1. Blood pressure. 

2. Urine test. 

3. Pain report. 

b. Doctor consults mobile robot information system: 

i. Mobile robot report - analysis of patient's movements. 

c. Actions which follow: 

1. No changes, doctor puts robot on alert - it signais doctor as soon as 

there is a change. 

11. Doctor contacts patient directly with video communication system. 

m. Update electronic health record. 
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A <:== Asslsffince ·-==> 
Technical Support 

Doctor from office 

Use-case Scenario Context Reference : 

1 =Action 1a. - Lookup blood pressure measurements. 

Surveillance 
Centre 

2 =Action 1b. - Lookup information on patient's movements (evaluation). 
3 = Action 1 c(i).- Put robot on alert. 
4 = Action 1 c(ii). - Contact the patient directly. 
5 =Action 1c(iii). - Update electronic health record. 

Mobile Robot 

Figure 28 - Sequence Diagram for Use-case Scenario # 1: Physician Intervention 

Electronic Health 
Record 

A total of five activities were documented in Figure 28 for the required physician 

intervention. Action 1 requires information from the electronic health record and therefore, a 

direct link between the doctor and the electronic health record was documented. Action 2 requires 

information on the patient's movements. The scenario considered involves the operator following 

the patient around using the mobile robot while simultaneously recording this data using the 

information system. For this to be effective, the data recorded must be of good quality. A link was 

therefore established to the mobile robot via the surveillance centre, since the surveillance centre 

and the mobile robot are both linked. 
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Action 3 again requires the mobile robot; therefore, in order to put the robot on alert, the 

mobile robot needs to be accessed through the surveillance centre. Once all this has been achieved, 

the patient must be contacted. This action requires a direct link between the doctor and the patient 

through the video communication system. To demonstrate this, a link was shown directly from the 

doctor to the mobile robot because the video communication system is mounted onto the robotic 

platform. 

Finally, the electronic health record must be updated to reflect all the new information. 

Again, a direct link was established between the doctor and the electronic health record. 

Comparing all the sequence of activities traced through the system with the architectural diagrams 

developed in the previous phase, it is shown that the designed information system meets all the 

requirements needed to provide the patient with adequate medical care. 

b) Sequence Diagram 2 - Nurse 

Weekly evaluations by a CLSC (i.e., a community care centre) nurse for glycolic control 

and the care of the patient's feet. 

a. Nurse consults electronic health record: 

1. Glycaemia measurements. 

11. Pain report. 

b. Nurse consults mobile robot information system: 

i. Mobile robot report - movement analysis of patient. 

c. Nurse examines patient's feet with teleoperational system. 

d. Actions which follow: 

1. No changes - put robot on alert. 

II. Contact patient directly with video communication system. 

iii. Update electronic health record. 
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Technical Support 

Nurse from office 
or with laptop 

Use-case Scenario Context Reference : 

1 =Action 2a. - Lookup pain and glycemia measurements. 

Surveillance 
Centre 

2 =Action 2b. - Lookup information on patient's movements (evaluation) 
3 = Action 2c. - Nurse examines patient's feet with teleoperational system. 
4 =Action 2d(i). - No changes - put robot on alert. 
5 =Action 2d(ii). - Contact patient directly with video communication system. 
6 =Action 2d(iii). - Update electronic health record. 

Electronic Health 
Record 

Home 

Mobile Robot 

Figure 29 - Sequence Diagram for Use-case Scenario # 2: Nursing Intervention 

A total of six activities were documented for the required nursing intervention, as shown in 

Figure 29. Action 1 requires information pertaining to pain and glycaemia levels, which can only 

be found in the patient's electronic health record; therefore, a direct link was established. Action 2 

requires information on the patient's movements. A link was established between the nurse and 

the mobile robot via the surveillance centre given the same reasons as in Figure 28. 

Action 3 involves the examination of the patient's feet to assess the ulcers. For the 

completion of this action, the teleoperational camerais used to access the necessary visual 

information; therefore, a link was documented between the nurse and the mobile robot via the 
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surveillance centre rather than using the video communication system, because the link between 

the teleoperational system and the video communication system was documented as a future 

possibility. 

Action 4 requires putting the robot on alert for any possible changes in the patient's status. 

To do this effectively, the mobile robot must be accessed via the surveillance centre. Action 5 then 

involves consulting the patient. Here a direct link was established between the nurse and the patient 

using the video communication system. 

Finally, Action 6 requires accessing the electronic health record in order to update it; a 

direct link was, therefore, documented. 

c) Sequence Diagram 3 - Occupational Therapist 

Monthly follow-ups by an occupational therapist of patient's environment to proceed with, 

if necessary, with adaptations to reduce the risk of falls associated with the patient' s environment 

and to facilitate the patient's activities of daily living inside the home (i.e., grab bars for bathroom 

and bed). 

a. Occupational therapist consults electronic health record: 

i. Report indicating status of home modifications. 

b. Ifthey aren't done or not adequate enough: 

1. Contact patient directly with video communication system. 

n. Occupational therapist puts robot on alert. 

m. Update electronic health record. 
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X <~Assis-tance ~> 
Technical Support 

Occupational Therapist from o 1ce 

Use-case Scenario Context Reference : 

1 =Action 3a. - Lookup information on home modification. 
2 = Action 3b(i). - Contact patient directly. 
3 =Action 3b(ii).- Put robot on alert. 
4 =Action 3b(iii). - Update electronic health record. 

Surveillance 
Centre 

Electronic Health 
Record 

Home 

Mobile Robot 

Figure 30 - Sequence Diagram for Use-case Scenario # 3: Occupational Therapist Intervention 

A total of four activities were documented for the required occupational therapist 

intervention, as shown in Figure 30. 

Action 1 requires information on the status of home modifications. It was assumed that this 

information would be located in the electronic health record because this can support the patient's 

safety, security and overall health. Therefore, a direct link was documented between the 

occupational therapist and the electronic health record. Following this, the patient must be 

contacted for notification regarding the adequacy of the modifications. Action 2 requires a direct 

link via the video communication system. If the modifications have not been completed, the robot 

is put on alert to notify the occupational therapist as soon as the status changes. Action 3 was 
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documented using a link between the occupational therapist and the mobile robot via the 

surveillance centre. 

Action 4 involves updating the electronic health record with the current information. Again 

a direct link between the electronic health record and the occupational therapist was documented. 

d) Sequence Diagram 4 - Rehabilitation Intervention (i.e., Physiotherapy and Occupational 
Therapy combined) 

A bi-monthly follow-up in occupational therapy and physiotherapy to evaluate the patient's 

capacity to realize specific activities ( e.g., mobility, self-care, cooking, housework) and coordinate, 

if necessary, CLSC services to compensate (e.g., housecleaning, meals on wheels). 

a. Physiotherapist consults electronic health record: 

i. Report on patient's activities (including: self-care, housecleaning). 

b. Physiotherapist consults mobile robot information system: 

i. Mobile robot report - analysis of patient's movements. 

c. If there is no information or incomplete: 

L Contact patient with video communication system. 

IL Put robot on alert. 

m. Refer patient to an occupational therapist. 

iv. Update electronic health record (communicate with CLSC). 

d. Occupational therapist consults electronic health record: 

i. Mobile robot report - analysis of patient's activities 

e. Occupational therapist consults electronic health record: 

i. Mobile report - analysis of patient's movements 

f. Contact patient directly with video communication system. 

g. Put robot on alert. 

h. Update electronic health record. 

L Occupational therapist contacts physiotherapist. 
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Occupation al 
Therapist from 
office 

Physiotherapist 
from office 

Use-case Scenario Context Reference : 

Surveillance 
Centre 

1 = Acüon 4a. - Lookup information on patient's activities ( including : self-care, house-cleaning). 
2 = Action 4b. - Lookup information on patient's movements 
3 =Action 4c(I).- Contact patient directly. 
4 =Action 4c(il). - Put robot on alert. 
5 • Action 4c(lll). - Refer patient to an occupalional lheraplsl. 
6 =Action 4c(iv). - Update electronic heallh record (communicate with CLSC). 
7 =Action 4d. - Lookup information on patient's activities. 
8 =Action 4e. - Lookup information on patienl's movements. 
9 =Action 4f. - Contact the patient directiy. 
1 o = Action 4g. - Put robot on alert. 
11 =Action 4h. - Update electronlc heallh record. 
12 = Action 4i. - Occupalional lherapist updates physiotherapist 

Electronic Health 
Record 

Mobile Robot 

Figure 31 - Sequence Diagram for Use-case Scenario # 4: Rehabilitation Intervention 

In Figure 31, a combined intervention was required in both occupational therapy and 

physiotherapy because the type of care involved the patient's ability to realize specific activities 

such as mobility, self-care and housework. All these activities required an adequate functional 

capacity (physiotherapy) and the assessment of the environment's impact on her ability to perform 

those activities (occupational therapy). 

A total of twelve activities were documented for the combined intervention in occupational 

therapy and physiotherapy. Action 1 requires information on the patient's activities such as self-

care (e.g., self-grooming, preparing meals, bathing, etc.) and housecleaning (e.g., dusting, 

mopping, vacuuming, etc.). These indicators can be recorded directly into the electronic health 

record by a health professional during follow-up sessions or while monitoring the patient. 

Therefore, a direct link between this and the physiotherapist was documented. Action 2 involves 
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searching for information on the patient's movements. As mentioned previously, this information 

was considered found in the mobile robot's information system. Therefore, a link from the 

physiotherapist to the mobile robot passing through the surveillance centre was established. 

Action 3 requires the patient to be consulted. To do this simply and effectively, the video 

communication system must be employed. A direct link between the mobile robot and the 

physiotherapist was documented. If the patient's health status remains unchanged, the robot is put 

on alert so as to notify the physiotherapist pending any possible changes. Action 4 then requires 

the physiotherapist to access the mobile robot via the surveillance centre. Subsequently, in Action 

5 the physiotherapist refers the patient to an occupational therapist. Therefore, a link between the 

physiotherapist and the occupational therapist passing through the surveillance centre was 

documented in order to ensure an effective consultation session. In Action 6, the physiotherapist 

updates the electronic health record with the consultation information and communicates with the 

CLSC using a direct link. 

Actions 7 and 8 are the first steps for the occupational therapist and involve accessing 

information on the patient's activities and movements. Again these can be found in the mobile 

robot, requiring a link between the occupational therapist and the mobile robot via the surveillance 

centre. Regarding the information found, the occupational therapist must confer with the patient 

and in Action 9 a direct link was documented between the mobile robot and the occupational 

therapist passing through the video communication system so as to contact the patient. The robot 

is put on alert (i.e., Action 10) to notify the occupational therapist regarding any possible changes 

using the mobile robot information system. Action 11 involves updating the electronic health 

record with the current information using a direct link. Finally, in Action 12 the occupational 

therapist notifies the physiotherapist that the consultation has been done. 

5.3 Summary of the Results 

The case scenario analysis demonstrates the adequacy of the architecture for this 

information system in terms of updating and consulting patient health records, communication, 

examining and supervising the patient, and consulting a third party, all from a distance. The 
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advantage here being the ability to do all this, while the patient still continues to move around at 

home, thanks to the inclusion of the teleoperated mobile robotic system. 

Further detail should be addressed regarding its adequacy in terms of alerts, patient 

movements and communication when the mobile robot is not present. 

a) Alerts are used to notify the specific health professional to changes detected in the patient's 

physiological and functional capacity, including changes in the electronic health record. The sensor 

types for detecting these different types of change need further specification. 

b) The source of the information regarding the patient's movements is not adequately 

specified. For the purpose of this analysis, the patient's movements were considered detected 

through a movement sensor located on the mobile robot, however there may be stationary 

movement sensors placed around the home. This option needs to be evaluated. 

c) Communicating with the patient may not necessarily involve the presence of the mobile 

robot. A detachable video communication system is currently being considered which will allow 

the mobile robot to be moving around while the video communication system remains adjacent to 

the patient. 

5.4 Consensus 

The sequenced diagrarns were validated amongst the different categories of users. A 

consensus was reached on the exactitude and pertinence of the diagrams (see consensus transcript, 

Appendix I, for details). 
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CHAPTER FOUR 

DISCUSSION 

A methodology has been developed and utilized to design an integrative architecture for a 

teleoperated mobile robotic information system in support of elderly autonomy. Furthermore, a 

subsequent work of validation in another clinical domain, notably oncology, has been undertaken 

as a manner in which to test out the methodology's transferability in being utilised in a different 

type of clinical setting (see Appendices K through N). Therefore, this discussion is divided in two 

parts: one regarding the robot and one regarding oncology. 

1. DESIGN OF AN INFORMATION SYSTEM FOR A TELEOPERATED MOBILE 
ROBOT FOR HOME CARE 

Using the business process analysis described in Chapter Two, an integrative system 

architecture taking into consideration stakeholder requirements was proposed and evaluated for the 

teleoperated mobile robot. This integrated system architecture is now a blueprint for the design of 

the teleoperated mobile robot information system, demonstrating the necessary informational 

requirements (i.e., flow and content) needed to effectively optimize the integration and 

development of this system within the home health care context. The architecture, as shown in the 

benchmark evaluation, quite clearly demonstrates the system's feasibility because the architectural 

requirements for all of the respective designers and users have been successfully integrated within 

the overall design. This blueprint is an important realization for two reasons: it was accomplished 

through the use of a newly developed integrative methodological design, and it has been used to 

design an integrative clinical information system for a teleoperated mobile robot in home 

assistance, an important innovation in the Canadian health care context. It should be noted, 

however, that a complete validation of this methodology's effectiveness could only be ascertained 

once a complete and functional prototype of the teleoperated mobile robot has been developed. 

The purpose of this discussion is to explore the ways in which this new methodological 

process has contributed to the development of this new technology. To achieve this end result, the 

discussion is divided into two sections: the first comprising an explanation of the specific issues 
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and contributions in methodological application, and the second comprising an explanation of the 

technological innovations and limitations that have corne to light as a result of this process. 

1.1 Issues in Methodological Application 

Originally, this methodology encompassed two main parts: an informational needs 

assessment and integrative architecture. In applying this methodology, certain issues came to light 

that necessitated adjustments in order to make it more amenable to the current situation. 

a) Informational Needs Assessment 

This was necessary so as to collect the information required to effectively model the 

information system according to stakeholder specifications. Since the sources of the information 

are the stakeholders, then the type of stakeholders to whom these perspectives belong are of prime 

importance. For this reason, it was necessary to make sure that the resulting information reflects a 

cross-section of the different categories of stakeholders implicated in the information system' s use 

and development. In selecting the stakeholder representatives, it was decided to limit participants 

to the following criteria: participants have to have prior knowledge of the ongoing project. On the 

one hand, this created a participation bias because now the information generated is of limited 

generalizability due to the restricted nature of the context. Generalizability involves the ability to 

utilise the findings in the study to help explain or interpret the results in other types of information 

system design contexts. Since a specific constraint was now placed on the selection of the 

participants, this led to a much more streamlined informational assessment, reflecting a much more 

controlled environment rather than actual real-life conditions. On the other hand, this was 

necessary in order to enhance the accuracy of the data collected by making it much more specific 

and detailed. Therefore, the results of this study may not necessarily be identical in other 

Canadian home health care contexts; nevertheless, they can be used as a starting reference for 

future research and development. 

Furthermore, the scope of this project was to help design a new intervention for the elderly 

at risk of losing their autonomy and as such, an assessment of the requirements of this particular 

patient population was ideally warranted. However, the robotic intervention was still in the 
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process of being properly defined; therefore, it was considered too early to approach the patients 

conceming their needs with respect to this intervention. Consequently, a further compromise was 

achieved: the caregivers included as participants in the study had to have been involved in a 

preliminary focus group exploring the potential uses of a teleoperated mobile robot with 

representatives of the elderly patient population. For purposes of this study, these actors were 

viewed as suitable proxies with respect to patient requirements. 

Once the participants were selected, the next step in the informational assessment involved 

interviews. Each selected participant representing a different category of stakeholder pertinent to 

the project was asked questions pertaining to the objectives, fonctions and sources of data. In so 

doing, observation bias could not be excluded. Observation bias has to do with the interpretations 

that one can put on the data collected from the interview sessions, ultimately influencing the 

integrative architecture. To counter this effect, validation iterations were inserted into the needs 

assessment. Accuracy of health professional data was also ensured through triangulation of 

different sources of data by combiningjoumal notes with digital voice recordings ofhealth 

professional interviews. Extra care and attention was given to the health professional data to 

maximize the integrity of its content, specifically when it came to the medical information, as this 

was very delicate. 

There were two major groups of stakeholders, namely the designers and the users. As a 

consequence, the final problem one encounters in this phase has to do with the integration of all the 

particular stakeholder perspectives in the study. Each one of these particular groups has their own 

point of view with regards to this intervention. 

• Designer Perspective: The robotic engineers, as part of the designer group, viewed the 

design of the intervention as their main goal. The functioning and maintenance of the robot 

was of prime importance. Due to their expertise, their primary focus was more technically 

oriented, with a secondary focus being patient care. 

• User Perspective: The health professionals tended to view the robot as an instrument for 

patient care. Their interest was more focused on patient care, viewing the robot more as a 
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means to achieve this goal. Objectives involve patient evaluations, follow-ups and 

treatments. 

• Technological-integrator Perspective: This designer acted as a mediator between the two 

perspectives, trying to bridge the gap between the two divergent views. This view was 

focused on integrating the technology within the patient's environment. Objectives include 

"Enhanced Telepresence for Telehealth" and "Platform for New Development" (see 

Figures 10-13), which both focus on the development ofparticular technologies for 

improving the quality of lives of elderly patients. 

b) Integrative Architecture 

The second part consisted of developing the integrative architecture based on the 

information documented in the transcripts. Since the architecture is dependant on previously 

transcribed information, then any misinterpretation of this information undoubtedly influences the 

architecture produced, resulting, once again, in a form of observation bias. To safeguard and 

ensure the integrative architecture's authenticity, validation iterations were inserted. The 

consensus transcripts reflect all the changes made to the architecture as a result of the validation 

processes. 

Another potential bias involves implementation error. Implementation error involves the 

discrepancy between the architecture required by the information system in contrast to the actual 

architecture designed. This can happen as a result of omissions due to contextual factors in the 

architecture design process. For example, the inclusion/exclusion criteria put a limit on the types 

of participants that are recruited for informational needs analysis. These factors may have had an 

influence on the ability to accurately foresee the types of information required for the system. To 

avoid this potential problem, a benchmark (i.e., case evaluation) was implemented as a third and 

final part to the overall methodological process. 
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1.2 Methodological Contributions 

Original papers from Blobel (2005), Pisek (1997), Staccini et al., (2000, 2001, 2005, 2006), 

Toussaint et al., (2001), Vassilacopoulos and Paraskevopoulou (1997), and Zachman (1987) 

inspired the methodology, as described in Chapter One, Section 1.6. The main contributions to this 

methodology comprise the information framework known as the ZF, validation iterations, UML 

use-case models and the benchmark evaluation. The current approach combines these specific 

components into an overall integrative methodological process to ensure that all stakeholders are 

fully represented at all stages of the process. 

Originally developed for non-health information systems by John Zachman, this framework 

was incorporated into a health information system context because of the simple analogy between 

enterprise and the clinical care context as described in Chapter One, Section 1.7. The ZF is simple 

because it allows for all the informational components of any enterprise to be depicted as a two-by-

two table whereby the columns represent different informational perspectives according to the 

questions, WHAT, HOW, WHEN, WHO, WHERE and WHY, and the rows represent different 

abstractions according to the points of view of the implicated stakeholder groups in any general 

enterprise, such as the administrators (SCOPE), workers (BUSINESS LEVEL), system designers 

(LOGICAL), technological builders (PHYSICAL) and the programmers (DETAILED 

REPRESENTATIONS). The complete range of informational components is easily recognizable 

and accessible at a glance. This multi-functional table is essentially the complete package of 

informational requirements, all rolled into one. With this table in hand, one does not have to look 

anywhere else for the complete range of informational requirements necessary to fully represent 

the enterprise being modelled. According to Staccini et al., (2005) "Whatever the level of 

modelling ambition could be (aiming at solving a problem, organizing complex decision-making, 

improving a technique used up to now, or simply having an educational purpose, a formai 

description of a process model is necessary. The model has to be as simple, transparent and 

understandable as possible" (p. 343). 

The framework is also of a domain-independent nature because it includes all the different 

informational perspectives with respect to all the possible stakeholder categories for any general 

enterprise. Since a clinical context can be thought of as a very specific enterprise, then it stands to 
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reason that the ZF would be applicable in this context. Therefore, this quality allows the ZF to be 

multi-functional and multi-purpose. In other words: one generic all-purpose model for any type of 

information system under any circumstances. Domain-independence is very important because 

this helps to "place a wide variety of tools and/or methodologies in relation to each other" 

(Zachman, 1987, p. 292). An important example includes the process of combining different 

information systems or informational components within different contexts. Using a common 

framework, this integration becomes very simple because all the information can now be linked 

back to a common reference point. If different frameworks had been used instead, the integration 

becomes much more complex because now there may be some under-representation of necessary 

information. 

The ZF allows for the integration of many different informational components because it 

takes into consideration the complete range ofinformational perspectives (WHAT, HOW, WHEN, 

WHO, WHERE and WHY) for each level of abstraction. It basically displays the connectivity 

between the different informational components depending on the stakeholderpoint ofview. 

Therefore, informational integration is the key element of this approach and as such, the ZF is an 

ideal tool for the purposes of this project because the goal is to somehow integrate all the different 

points ofview of all the stakeholders implicated in the development of the teleoperated mobile 

robot. The different stakeholders involved are the following: robotic engineers, nurses, 

physicians, social workers, physiotherapists and occupational therapists; hence, an integrative 

framework for an integrative architecture. This concept is reinforced by Toussaint et al. (2001 ), 

with the following: ''The concept of Software Architecture as discussed in the literature off ers a 

way of describing software-based systems focusing on the components and their integration by 

means of so-called connectors" (p. 12). 

For effective utilisation of the ZF, one usually starts off at the top with the corresponding 

business level abstractions (SCOPE and BUSINESS LEVELS), answering all the questions 

(WHAT, HOW, WHEN, WHO, WHERE and WHY), and then works downwards through the 

system level (LOGICAL), all the way to the technical levels (PHYSICAL and DETAILED 

REPRESENTATIONS) located at the bottom end of the table. 
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Validation iterations are not new to the field of health information system research. 

Vassilacopoulos and Paraskevopoulou (1997) give a description of how validation iterations can 

enhance the methodological process by ensuring the collected data's accuracy, thereby further 

strengthening and solidifying the final architecture produced. What is new, however, is their 

implication in a methodological process that is context-independent. Not only can this concept be 

applied to this particular project, it can be applied to any type of health information system under 

any circumstances. This will ensure that the architecture produced for any type of information 

system is as accurate as humanly possible. For the mobile robot project, the consensus transcripts 

reflect all the changes made during the course of the study, from the initial raw models to the more 

refined and developed final architecture. 

Informational modelling techniques are necessary, because, once all the required data has 

been collected, it must then be displayed in such a way that the new information conveyed is 

rendered intelligible, accurate and comprehensible. To that end, a number ofmodelling techniques 

exist: " [ ... ] physical analogs, analytic equations, state machines, functional flow block diagrams, 

block diagrams of linear systems theory, transfer .fonctions, state-space models, differential or 

difference equations, object-oriented models, UML diagrams, Monte Carlo simulations, statistical 

distributions, graphical ( animated) simulations, mathematical programming, Markov processes, 

time-series models, financial models, Pert charts, Gannt charts, computer programs, use-cases, or 

mental models" (Botta et al., 2005, p. 20). UML is selected as the modelling technique of choice 

. to display the use-case models for this methodology because it is quite simple to understand and 

has the added privilege ofbeing a universal modelling technique. It is universal because it 

integrates different informational perspectives under one diagram. Advantages ofUML are two-

fold: UML is not limited to modelling software but can be used for business process modelling, 

systems engineering modelling and organizational structures. UML models may be automatically 

transformed to other representations (e.g., Java), in comparison to the other models, which tend to 

be more constrained due to their high specificity. For example, "the Monte Carlo method provides 

approximate solutions to a variety of mathematical problems by performing statistical sampling 

experiments on a computer" (History of Monte Carlo Method, 2007). As a result ofUML, the use-

cases for the teleoperated mobile robot project were simple, easily understandable and concise, 

integrating the WHAT, HOW, WREN and WHERE perspectives quite succinctly, facilitating 

consensus. 
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The final contribution to this methodology is the benchmark (i.e., case evaluation), 

otherwise known as a preliminary implementation evaluation. This adds a new dimension to the 

overall methodological plan by yielding an overall picture of how the modelled system, in terms of 

its activities and resources, can be used by the different caregivers in comparison to what is 

actually required for effective functioning. Such a process can further refine, strengthen and 

enhance the quality of the integrative architecture produced because any omissions or errors can be 

identified and corrected. For the teleoperated mobile robot project, this process identified the 

information flow as being pretty consistent across caregivers with the only difference being the 

number of iterations through the system. For example, the physician requires five iterations 

through the system, whereas the nurse requires six. Hence, the integrative architecture developed 

is deemed solid. 

1.3 Impact on the Use of Robotics in Home Care 

The methodology has contributed to the design and development of an information system 

for a teleoperated mobile robot in home care by including stakeholder requirements into its overall 

design. The main objective for incorporating stakeholder requirements is that too often 

information systems for new technological applications within clinical contexts fail because these 

issues are not properly addressed (Southon et al., 1999). Therefore, this methodology was 

developed with the aim of designing a new technology that will be effective in terms of its use in 

the home care clinical context. There are essentially two levels within this technology: the robotic 

application and the health information system. The overall design will undoubtedly influence not 

only the design of the clinical information system but also the design of the robot because it is the 

robot that will contain the system. 

The advantage of robotic tools in medical applications is to enhance user capabilities by 

"[ ... ] increasing accuracy and perception, increasing reliability and safety, improving record 

keeping and logging, and improving performance" (Hickling Arthurs Low Corporation, 2005, p. 

3). Since the idea is to develop a teleoperated mobile robotic system for home care, then this 

intervention tends to lie more in the realm of telemedicine applications. Basically, this technology 

permits the physician and other medical personnel to monitor, supervise and survey the patient in 
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real-time across a distance. Advantages of telemedicine are qui te well established. However, this 

intervention combines telemedicine with a robotic system for use with elderly patients suffering 

from loss of autonomy. Therefore, the robotic system can be manipulated and controlled by 

someone outside the home environment. Since this is a relatively new area of development, 

preliminary research has been conducted exploring the potential uses and advantages of such a 

novel technology (Boissy et al., 2006). 

Additional research has also been conducted in terms of"[ ... ] documenting how assistive 

robotic devices in the home might assist these people, helping them to stay independent and live 

longer" (Forlizzi et al., 2004, p. 25), so as to help determine what design conditions are necessary 

when developing a new type of robotic assistive technology. Design conditions proposed in this 

article include the following: "robotic products must fit the ecology as part of the system, they 

must support the migrating values of eiders and others within the ecology and they must be 

functionally adaptive" (Forlizzi et al., 2004, p. 55). These design conditions will therefore 

contribute to supporting and maintaining the elderly patient' s overall dignity and independence. 

The design of this system fits the ecology as part of a system because it was designed with 

multiple users in mind. For example, the patient can communicate with one's primary care 

physician, natural caregiver, physiotherapist, occupational therapist, social worker and nurse. This 

desi.gn allows the elderly patient to interact with the many different people implicated in one's 

care. 

It supports the changing values of eiders and others within the ecology because it allows the 

elderly patient and its users to interact with the system and not just have the robot do things 

automatically. For example, the physiotherapist, nurse and physician can decide what information 

to have the robotic system record. The patient can also internet with the communication system by 

indicating which persan one would like to contact at the time one feels the need to and through the 

use of a panic button (i.e., kill-switch) in case of an emergency. Therefore, the users have some 

sense of control over the system. 
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Finally, this design is functionally adaptive because it takes into account future uses of this 

technology. An example includes the health sensory system. This component was included so that 

in the future a patient' s vital signs could be recorded simply with the addition of supplementary 

equipment. 

1.4 Information System Innovations 

The purpose of this study was to guide the development of a teleoperated mobile robotic 

information system through an integrative architecture. To that end, a methodology was proposed 

and utilised, which had a direct bearing on the technological specifications developed. 

Contributions to this technology as a consequence of this methodological process in volve the 

following: a new distributed health information system that is part mobile and part stationary, and 

the specification of three separate interfaces for patient monitoring, robotic navigation, and health 

sensory data recording and transmission, known as the Health, Teleoperation and Electronic Health 

Record Interfaces, respectively. 

An integrative architecture for a new type ofhealth information system was achieved. The 

novelty is that the health information system is partially mobile. According to the architecture, one 

part of the health information system is mounted on an operator controlled robotic platform with 

wheels (i.e., the proximal information system) while the other part remains centralized at a distant 

location (i.e., the distal information system). The operator can manipulate and direct the proximal 

part of the health information system in and around its environment. Up until now, all the health 

information systems produced are stationary. Examples include the following: a clinical 

information system for decision support in terms of cancer care ( e.g., ONCODOC), a portable 

blood-pressure monitoring system and a telehealth system for diagnosis and care of dementia 

(Séroussi et Bouaud, 2003; Rogers et al., 2001; Poon et al., 2005). With regards to these types of 

information systems, the client must approach the system. Now, the information system can 

approach the client. Therefore, additional informational components are required for this extra 

capability to ensure proper functioning. The combined robotic health information system is an 

important innovation in the Canadian health care context. 
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Another factor, which distinguishes this information system from all the other health 

information systems already out there, is the specification ofthree different types of interfaces: 

Health, Teleoperation and Electronic Health Record. Different types of interfaces imply different 

types of fonctioning, which again confers this notion of integration. The Health interface combines 

or integrates all the health professional and video-communication fonctionalities into one; 

Teleoperation integrates all the teleoperational fonctions and status indicators together and 

Electronic Health Record includes the data recording and transmission fonctions. This is an 

important step in the development of a multi-disciplinary health information system. It is multi-

disciplinary in the sense that different types of health professionals canuse it to care for their 

elderly patients, as opposed to just one type. The requirements of nurses, physicians, occupational 

therapists, social workers and physiotherapists have all been included in the design. 

1.5 Information System Limitations 

This methodology has not only contributed to the further development of this technology, 

but has also identified some limitations. Limitations of the technology include alerts, patient 

movements, a detachable videophone module and cost. All ofthese limitations, with the exception 

of cost, were identified via the benchmark (i.e., case evaluation). 

An important advantage of this technology is the patient alert because they can help 

decrease caregiver response time by notifying the caregiver as soon as the anticipated event occurs. 

Therefore, the teleoperated mobile robotic information system can help monitor the patient in a 

caregiver's absence. However, the problem with this technology is that the source of the 

information has not been specified. Normally, a particular sensor would pickup the change and 

then give an alert to notify someone. However, the type of sensor that would sense this change 

needs to be forther defined. Sensory examples include heart rate, respiratory, motion sensors, etc. 

and thus, it is not clear which sensor would be used. 

Patient movements can also be monitored by the system. However, the problem is that the 

source of the information has, again, not been clearly defined. Circumstances can be envisioned in 

which the patient's movements are recorded through a motion sensor positioned on the robot itself 

or they can be recorded by motion sensors placed in and around the patient's home. 
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The video communication system is quite useful. It can be used to communicate and 

survey the patient in real-time. However, it was envisioned that the video communication module 

would be detachable. The advantage with a detachable module is that the video communication 

system can be placed adjacent to the patient while the robot moves around the environment. The 

problem is that the architecture was developed considering the video communication module 

always positioned on top of the robotic platform. As a result, the architecture does not account for 

the possibility that the video communication system and the robot may not necessarily be together. 

Lastly, the cost of this new technology was not addressed. Cost is important because one of 

the main purposes of this intervention is to help streamline geriatric home care while 

simultaneously reducing the overall cost burden. Typically robotic systems incur high costs in 

terms of purchasing the necessary equipment. However, "the cost of the technology can be 

somewhat justified by the cost savings caused by patient recovery time and fewer repeat surgeries 

due to better surgical outcomes" (Hickling Arthurs Low Corporation, 2005, p. 28). In addition, a 

complete picture of the cost-effectiveness is still unavailable at present because the development of 

the intervention is not at the phase where a cost-effectiveness analysis should be conducted. The 

intervention is still currently in the design phase. Once the overall design has been developed to a 

satisfactory degree, the next step involves developing a prototype and testing it out. Experimental 

studies with this intervention need to be carried out in order to gauge how this intervention 

compares with routine home care prier to undertaking a cost-effectiveness analysis. 
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2. DESIGN OF AN INFORMATION SYSTEM FOR AN OUTPATIENT ONCOLOGY 
CLINIC 

This methodology has been promoted as context-independent due to the inclusion of the 

ZF. To validate this premise, the methodology was utilised to design an information system 

within another clinical context, an extemal oncology clinic and then evaluated on how well it is 

able to successfully optimize information management by incorporating user requirements into the 

design (see Appendices K through N). Oncology was chosen because it is a complex disease 

requiring expert clinical intervention; thus, effective information management would be very 

beneficial for optimum clinical performance. Therefore, the methodology was validated against 

this context as a backdrop, to which the results demonstrate that the methodology works quite well 

in terms of incorporating user requirements into the overall design given the contextual difference. 

A satisfaction evaluation was used to assess this factor, yielding an overall satisfaction score of 

86%. This indicates a relatively high satisfaction on the part of the user with respect to the 

integrative architecture produced. 

2.1 Issues in Methodological Application 

The methodology used in this transferability study was based on the same principles applied 

in the design of an information system for teleoperated mobile robot in home care, consisting of the 

following parts: 1) informational needs assessment; 2} system architecture development; 3) a final 

evaluation. In applying this methodology certain issues came to light, which required adjustments 

to each of the three parts. 

a) Informational Needs Assessment 

Before one can develop an integrative architecture, one requires detailed information with 

respect to the stakeholders' requirements. This information is necessary because it is this 

information that will be moulded into an integrative architecture. Therefore, one of the main 

principles of a complete informational needs assessment is to ensure a coverage of the total range 

of stakeholder representatives necessary for the information system's use and development. As a 

consequence ofthis rule, to effectively assess the complete range of informational requirements for 
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the development of an information system for an extemal oncology system, one would 

theoretically need to gather data from the following sources: medical oncologists, nurses, medical 

students, residents and, of course, oncology patients. However, in this study time was an issue. 

Therefore, to improve time efficiency it was decided to assess the informational requirements of 

only one type of stakeholder representative, one of the most important contributors, namely the 

medical oncologist. Therefore, a complete picture of the information system including all 

stakeholder requirements could not be depicted. The integrative architecture produced represents 

only the oncologist's point of view. 

b) Integrative Architecture 

Once the informational needs have been gathered from the interviews, validated and 

transcribed, the next step was to develop the integrative architecture. This was achieved to a 

certain degree. The reason being that a clinical context involves three types of major activities: 

care, research and education. Under ideal circumstances, one would model all the objectives 

within the major activities of care, research and education because each one is important for the 

overall functioning of the system. In this situation, however, only one objective within each of the 

three major activities was modelled. This was again done in order to keep the study relatively 

simple and time efficient. 

c) Assessment of Applicability 

This evaluation was conducted in order to assess the methodology' s ability to be utilised in 

a different clinical context. This was accomplished by measuring the level to which the oncologist 

was satisfied with the integrative architecture produced using a questionnaire described in 

Appendix M. Since only the oncologist participated in the study, then the architecture was solely 

based on the oncologist's point of view. Therefore, it was pertinent to evaluate the oncologist's 

satisfaction with respect to this design. However, this again produced a limitation, because under 

normal circumstances it would not just be the oncologist that will utilise the information system, 

but a spectrum of different types of clinical members. Therefore, having the architecture evaluated 

by another type of clinical team member would have been beneficiary. This may have pointed out 

some possible gaps that the oncologist may have overlooked. 
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2.2 Methodological Contributions 

Using this new methodological process in the complex clinical environment of oncology 

enabled the following advantages: architecture accuracy, facilitated integration and increased 

comprehension. 

The accuracy of integrative architecture produced was ensured due to the validation 

iterations. The data collected throughout the interview and modelling session was checked and re-

checked with the oncologist prior to developing the final architecture. According to the oncologist, 

the final schemas accurately depict the interview discussions without any major gaps. 

The integration of the different activities of care, research and education were facilitated 

because the data was collected based on the ZF. The ZF is known to enhance integration 

regardless of context and as such, it was very instrumental in achieving this goal. A maximum 

score of 5 was given by the oncologist in terms of the architecture's ability in supporting 

information exchange between team members, indicating a much more facilitated integration of 

infonnational components. 

Finally, increased comprehension on the part of the oncologist to correctly interpret the use-

case models was brought about by the utilisation ofUML. UML is very simple and easy to use. It 

does not require any form of special training for correct implementation. It is very straightforward 

and can be interpreted quite easily. The information links between the different fonctions and their 

respective data sources and users are easily recognizable and identifiable. As a result, the 

oncologist was able to quickly examine the models and evaluate them on their usefulness, giving 

them a relatively high rating overall. 

2.3 Information System Innovations 

This methodology was very instrumental in helping to produce an integrative architecture 

for an extemal oncology clinic based on the oncologist's requirements. As such, this process had a 

direct influence on the technology modelled. Contributions to this technology are the following: 

enhanced information exchange, time efficiency and optimized patient care. 
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Infonnation ex change is irnproved as a result of the integrative architecture. The different 

needs of the oncologist were taken into consideration throughout the process with the inclusion of 

the ZF. This results in an enhanced integration because all the perspectives can now be referred 

back to a common point. Since the informational components reflect a tighter fit, the resulting 

physical components are better integrated. As a result of this tighter fit amongst components, 

infonnation can potentially flow much more readily, simultaneously enabling and enhancing 

information exchange. According to the oncologist, a maximum score of 5 was given in terms of 

satisfaction with this criterion. 

Improved time efficiency is another contribution. Time efficiency is improved because the 

oncologist can simultaneously access different informational perspectives. For example, the 

oncologist can access patient diagnostic information while perusing the database for pertinent 

clinical trial infonnation, such as inclusion/exclusion criteria. This question was put directly to the 

oncologist and the result is a maximum score of 5, indicating a high satisfaction with the 

architecture in terms of this requirement. 

Finally, patient care is optimized because now the overall information management has 

been enhanced. As stated previously, in order to optimize information management within any 

clinical context, the major activities of care, research and education need to reflect a high degree of 

integration. All three activities were modelled taking into consideration the oncologist's 

perspective. Therefore, the architecture reflects quite accurately the oncologist's needs with 

respect to these three categories, resulting in a relatively high satisfaction of 86%. Furthermore, 

the oncologist was asked to assess this contribution and the result is a maximum score of 5 in terms 

of satisfaction. 

2.4 Information System Limitations 

Since this methodology is used to modela limited number of objectives for each of the 

three major aètivities of care, research and education, the resulting technology is limited. 

Limitations of this technology are the following: information accessibility, information quality and 

lack of components. 
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Information accessibility is the capacity to display requested information at a moment's 

notice so as to improve understanding. Both improved understanding and supporting resident and 

student training were given the lowest satisfaction scores, 3 out of 5 and 3.5 out of 5, respectively. 

These were the weakest scores given by the oncologist out of all the clinical criteria rated. A 

principal reason was the limited number of objectives modelled. In order to have access to all the 

information needed within this context, one needs to have an information system in which all the 

objectives for all three major activities of care, research and education are taken into consideration. 

These objectives represent all the major informational components and once objectives are omitted, 

then it stands to reason that not all the information will be available. Moreover, the results of the 

prioritization survey demonstrate a high priority for support in terms of information access. 

Digitalization and immediate access are seen as the most important components for installation so 

as to transform the clinic into a much more information friendly environment. Thus, the clinic is 

seriously limited in terms of information accessibility. 

Informational quality is another issue because this can have a direct impact on the user's 

understanding of vital information. For example, patients need information that is simple and free 

ofmedicaljargon so as to facilitate understanding. Both support ofresident and student training, 

and improved understanding of the physician, patient and the nurse are not only a reflection of 

informational accessibility, but also informational quality. Even if all the information is accessible 

but the quality of the content is poor, then this information will not be comprehensible. Quality is 

not addressed throughout the course of the study and as such, the oncologist had no way of judging 

the effectiveness of this parameter. 

Another limitation is the potential lack of components in the architecture. Since not all the 

objectives for every potential user was assessed, there may be physical components omitted. 

Examples include other databases and/or interfaces. 
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CHAPTER FIVE 

CONCLUSION 

Health informatics requires an integrative methodology to effectively design information 

systems taking into account stakeholder requirements. An accurate informational architecture can 

help to ensure this goal. To develop accurate architecture, a new integrative methodology is 

introduced which incorporates the ZF, validation iterations and a method to help develop system 

architecture. This methodology is then applied to two applications: 1) a major study of a 

teloperated mobile robot in support of the elderly at risk oflosing autonomy; 2) a short validation 

study in oncology. This methodology has developed a solid informational architecture for the 

teleoperated mobile robot in support of elderly autonomy devoid ofredundancies and the absence 

of essential elements. Similar results are observed in oncology. Issues that must be considered 

when designing such systems include informational quality, the types of stakeholder 

representatives required, and the complete specification of objectives required. The type of 

stakeholder representatives required is heavily dependant on the context of the application, so that 

to ensure the adequate assessment of informational requirements one needs to full y understand the 

context. Informational quality is important because poor informational quality translates into poor 

understanding on the part of the user, resulting in decreased effectiveness. Lastly, to have a well-

designed informational architecture, one needs to ensure that all the objectives for each stakeholder 

representative are accurately modeled. Technological contributions include the specification of 

three interfaces for robotic technology, while the transferability study in oncology has permitted 

the development of an informational architecture with the potential to improve information 

exchange, increase time efficiency, as well as optimize patient care. Further research must now be 

undertaken through the development and implementation of a prototype of a teleoperated mobile 

robot for experimental trials within its environment. This will also help to assess the validation of 

the integrative methodology. Furthermore, a cost-effectiveness analysis must also be conducted so 

as to determine the intervention's effectiveness in reducing the overall cost burden for geriatric 

home care. 

101 



References 

Berg M, Goorman E. (2006). The contextual nature of medical information. International Journal 
of Medical Informatics, 56, 51-60. 

Blobel B.(2005). Advanced and secure architectural EHR approaches. International Journal of 
Medical Informatics, 75(3-4), 185-190. 

Boissy, P.; Corriveau, H.; Michaud, F.; Labonté, D. and Royer, M.-P. (2007). A qualitative study 
of in-home robotic telepresence for home care of community living elderly subjects. Journal 
ofTelemedicine and Telecare, 13(2), 79-84. 

Botta, R.; Daniels, J. and Bahill, T. (2005). The Zachman Framework populated with baseball 
models. Proceedings of the 14th Annual International Symposium of the International 
Council on Systems Engineering (INCOSE), 1-49. 

Burgar, C.; Lum, P. and Machiel Van der Loos, H.F. (2000). Development ofrobots in health care 
for rehabilitation therapy: the Palo Alta V NStanford experience. Journal of Rehabilitation 
Research and Development, 37, 663-673. 

Cassel, C.K. (2000). Successful aging: How increased life expectancy and medical advances are 
changing geriatric care. Geriatrics, 56(1), 35-39. 

DeLooze, L.L. Information Security Reading Room web site. Applying security to an enterprise 
using the Zachman Framework. Site accessible at 
<http://sans.org/reading_room/whitepapers/modeling/367 .php>, Consulted 2001. 

Evemden, R. (1996). The information framework. IBM Systems Journal, 35(1), 37-68. 

Feeney-Mahoney, D.; Tarlow, BJ. and Jones, RN. (2004). Effects of an automated telephone 
support system on caregiver burden and anxiety: findings from the Reach for TLC 
Intervention Study. The Gerontologist, 43(4), 556-567. 2003. 

102 



Forlizzi, J.; DiSalvo, C. and Gemperle, F. (2004). Assistive robotics and an ecology of elders living 
independently in their homes. Human-Computer Interactions, 19, 25-59. 

Gill, T.M. (2002). Geriatric medicine: it's more than caring for old people. The American 
Journal of Medicine, 113, 85-90. 

Grayson, P.; Lubin, B. and van Whitlock, R. (1995). Comparison of depression in the community-
dwelling and assisted-living elderly. Journal of Clinicat Psychology, 51(1), 18-21. 

Hay, D.C. (2000). A different kind oflife cycle: the Zachman Framework. Essential Strategies, 1-
9. Site accessible at <http://essentialstrategies.com/document/zachman2000.pdf>, 
Consulted 2000. 

Hickling Arthurs Low Corporation (2005). Robotics assisted intervention final report, 1-44. 
<http://www.precarn.ca/NetworkKnowledge/RDK.nowledge/PrecarnReportsStudies/Applicati 
onStudies/index.html>. 

History of Monte Carlo Method. His tory of Monte Carlo Method website. Site accessible at 
< http://www.geocities.com/CollegePark/Quad/2435/history.html>, Consulted 2007. 

Inaba, K.; Goecke, M.; Sharkey, P. and Brenneman F. (2003). Long-term outcomes after injury in 
the elderly. The Journal of Trauma, Jnjury, Infection, and Critical Care, 54, 486-491. 

Kasuya, R.T.; Polgar-Bailey, P. and Takeuchi, R. (2000). Caregiver burden and bumout. 
PostgraduateMedicine, 108(7), 117-123. 

Labonté, D.; Michaud, F.; Boissy, P.; Corriveau, H.; Cloutier, R. and Roux, M.-A. (2005) 
Evaluation methodology of user interfaces for teleoperated mobile robots in home 
environments. IEEE Proceedings International Conference on Intelligent Robots and 
Systems, 4466-4471. 

Landefield, C.S. (2003). Improving health care for older persons. Annals of Internai Medicine, 
139, 421-424. 

103 



Last, J-M. (1995). A Dictionary of Epidemiology- Third Edition. New York: Oxford Press. 

Lee, D.T.F.; Woo, J. and Mackenzie, AE. (2002). A review of older people's experiences with 
residential care placement. Journal of Advanced Nursing, 37(1), 19-27. 

Lindeboom, M.; Portrait, F. and van den Berg, G.J. (2002). An econometric analysis of the mental-
health effects of major events in the life of older individuals. Health Economies, 11, 505-
520. 

Merriam-Webster On-Line. Merriam-Webster On-Line website. Site accessible at 
< http://www.m-w.com/dictionary/stakeholder >, Consulted 2007. 

McGwin, G.Jr.; Melton, S.M.; May, A.K. and Rue, L.W. (2000). Long-term survival in the elderly 
after trauma. The Journal of Trauma, Injury, Infection, and Critical Care, 49, 470-476. 

Parmalee, P.A.; Katz, I.R. and Lawton, M.P. (1992). Depression and mortality among 
institutionalized aged. Journal of Gerontology: Psychological Sciences, 47(1), 3-10. 

Pereira, C.M. and Sousa, P. (2004). A method to define an enterprise architecture using the 
Zachman Framework. ACM Symposium on Applied Computing, 1366-1371. 

Pisek, P.E. (1997). Systematic design ofhealthcare processes. Quality in Health Care, 6, 40-48. 

Poon, P.; Hui, E.; Dai, D.; Kwok, T. and Woo, J. (2005). Cognitive intervention for community-
dwelling older persans with memory problems: telemedicine versus face-to-face treatment. 
International Journal of Geriatric Psychiatry, 285-286. 

Powel, C. (2003). The Delphi technique: myths and realities. Journal of Advanced Nursing, 41(4), 
376-382. 

104 



Rational Unified Process. IBM website. Site accessible at 
<http://www.ibm.com/developerworks/rational/library/content/03J uly/1000/1251 I 
1251_bestpractices_TP026B.pdf, Consulted 2007. 

Resnick, B. (2003). Health promotion practices of older adults: testing an individualized approach. 
Journal of Clinical Nursing, 12, 46-55. 

Rogers, M.A.M.; Small, S.D.; Buchan, D.A.; Butch, C.A.; Stewart, C.A.; Krenzer, BE.; Husovsky, 
HL. (2001). Home monitoring service improves mean arterial pressure in patients with 
essential hypertension. Annals of Internai Medicine, 134, 1024-1032. 

Seroussi, B. and Bouaud, J. (2003). Using OncoDoc as a computer-based eligibility screening 
system to improve accrual onto breast cancer clinical trials. Artificial Intelligence in 
Medicine, 29, 153-167. 

Staccini, P.; Quaranta, J.F.; Hergon, E.; Joubert, M. and Fieschi, M. (2000). Informatisation du 
processus transfusionnel à l'hôpital: pourquoi et comment établir le lien entre amélioration 
continue de la qualité et système d'information clinique? Transfusion clinique et biologique, 
7,140-152. 

Staccini, P.; Joubert, M.; Quaranta, J.-F.; Fieschi, D. and Fieschi, M. (2000). Integration ofhealth 
care process analysis in the design of a clinical information system: applying to the blood 
transfusion process. Journal of the American Medical Informatics Association, Pt. 
Symposium, 1067, 824-828. 

Staccini, P.; Joubert, M.; Quaranta, J.-F.; Aymard, S.; Fieschi, D. and Fieschi, M. (2001). Towards 
health care process description framework: an XML DTD design. Journal of the American 
Medical Informatics Association, 1067, 64 7-651. 

Staccini, P.; Joubert, M.; Quaranta, J.-F.; Fieschi, D. and Fieschi, M. (2001). Modelling health care 
processes for eliciting user requirements: a way to link a quality paradigm and clinical 
information system design. International Journal of Medical Informatics, 64, 129-142. 
2001. 

105 



Staccini, P.; Jourbert, M.; Quaranta, J.-F. and Fieschi, M. (2005). Mapping care processes within a 
hospital: from theory to a web-based proposai merging enterprise modeling and ISO 
normative principles. International Journal of Medical Informatics, 74, 335-344. 

Staccini, P.; Quaranta, J.-F. and Fieschi, M. (2006). Towards elicitation of user requirements for 
hospital information systems: from a care-process modeling technique to a web-based 
collaborative tool. Journal of the American Medical Informatics Association, Pt. 
Symposium, 732-736. 

Statistics Canada. Statistics Canada web site. Site accessible at <http://statscan.ca>, Consulted 
2006. 

Stefanov, D.H.; Bien, Z. and Bang, W.-C. (2004). The Smart House for older persons and persons 
with physical disbilities: structure, technology arrangements, and perspectives. IEEE 
Transactions on Neural Systems and Rehabilitation Engineering, 12(2), 228-250. 

Sterling, D.A.; O'Connor, I.A. and Bonadies, J. (2001). Geriatric falls: injury severity is high and 
disproportionate to mechanism. The Journal of Trauma, Injury, Infection, and Critical 
Care, 50, 116-119. 

Southon, G.; Sauer, C. and Dampney K. (1999). Lessons from a failed information systems 
initiative: issues for complex organizations. International Journal of Medical Informatics, 
55, 33-46. 

Strauss, S.E. (2001). Recent advances: geriatric medicine. British Medical Journal, 322, 86-89. 

Taylor, M.D.; Tracy, J.K.; Meyer, W.; Pasquale, M. and Napolitano, L.M. (2002). Trauma in the 
elderly: intensive care unit resource use and outcome. The Journal of Trauma, Injury, 
Infection, and Critical Gare, 53, 407-414. 

106 



Teich, J.M.; Glaser, J.P.; Beckley, R.F.; Aranow, M.; Bates, D.W. and Kuperman, GJ.; Ward, ME.; 
and Spurr, Cd. The Brigham integrated computing system (BICS): advanced clinical 
systems in an academic hospital environment. International Journal of Medical 
Informatics, 54, 197-208. 

Toussaint, P.J. and Lodder, H. (2001). Component-based development for supporting workflows in 
hospitals. International Journal of Medical Informatics, 52, 53-60. 

Telepresence/Robotics. Telepresence/Robotics website. Site accessible at 
< http://userwww.sfsu.edu/~swilson/emerging/ artre443. telepresence.html>, Consulted 2006. 

van den Blink, J.L.; Moorman, P.W.; de Boer, M.F.; van Bemmel, J.H.; Pruyn, J.F.A. and 
Verwoerd, C.D.A. (2003). An information system to support the care ofhead and neck 
cancer patients. Support Care Cancer, 11, 452-459. 

Vassilacopoulos, G. and Paraskevopoulou, E. (1997). A process model basis for evolving hospital 
information systems. Journal of Medical Systems, 21(3), 41-153. 

Villers, M.E. (2003). Mufti-dictionnaire de la langue française. Montréal: Éditions Québec 
Amerique Inc. 

ZIF A. The Zachman Institute for Framework Advancement web site. Site accessible at 
<http://www.zifa.com/framework.html>, Consulted 2006. 

Zachman, J.A. (1987). A framework for information systems architecture. IBM Systems Journal, 
26(3), 276-292. 

107 



APPENDIXA 

QUESTIONS NECESSARY IN MODELLING A ROBOTIC INFORMATION SYSTEM 

108 



The questionnaire below was developed for the designers of the system, notably the users and 
the engineers. The first two questions were designed to illicit responses pertaining to the · 
objectives, fonctions, sources and quality of the information required to effectively perform each 
group member' s particular role. The last two questions were more of a general nature so as to be 
able to continuously improve and expand the development of the system. 

Designer - engineer /Designer - technological-integrator 

o What are the principal objectives of the mobile robot? 

o For each objective, what are the principal fonctions of the mobile robot? 

o For each fonction, identify the informational categories, the reasons and the quality of 
the information necessary. 

o What are the fonctional priorities of the robot that require actual implementation? 

o In your perspective as designer, what questions should be addressed according to the 
information necessary to continue on improving the prototype of the mobile robot? 
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The above questionnaire was developed for the health professionals. The first two questions 
were developed so as to obtain responses pertaining to the objectives, fonctions, sources and 
quality of the information required to perform each health professional's particular role in terms of 
patient care. To be able to illicit these specific responses, the questions needed to be centred on the 
health problems that these professionals typically encounter when dealing with the elderly because 
it is essentially these problems that determine the type of activities that health professionals 
perform. The last two questions were more of a general nature so as to get an idea of how the 
mobile robot information system could potentially be implicated in the clinical environment for 
optimum benefit. 

Health Professionals 

o For an elderly patient at risk of losing his/her autonomy living at home, which problems are 
more frequent? ( e.g., diabetes, leg ulcer) 

o Is it possible to regroup these problems is terms of categories or types of problems? 

o To better understand the important informational elements necessary to manage a problem 
category or a specific problem, can you summarily describe the management of a typical case? 

o In disceming the informational elements, please try to identify the sources and the 
principal users of this information? 

o In making reference to the categories of problems already identified, what new opportunities 
would you be presented with in using the mobile robot? 

o In general, what are the opportunities for this project: 
a) For the health professionals? 

b) For the establishments? 
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o 1. Goals, Functions, Categories and Information Quality for the Robotic 
Telepresence System 

0 A. Al V Communication System - Videophone 
For the audio/video bi-directional communication between the operational 
site and the patient (note: this system is independent from that of the 
teleoperation of the robot. The mobile robot has a platform, which supports 
this system and it is made available to the health professionals and/or the 
natural caregivers. 

• A i. Operator and Health Professional Telepresence in Patient 
Environment 

o Permits a distant person to realize a telepresence fonction 
with a mobile robot teleoperated in patient environment 

o Fumishes communication capabilities with patient in his I her 
environment, with the displacement of the robot carrying a 
videophone system 

o Surveillance of a patient at home in real-time 
o Permits the assistance of the patient in his / her activities and 

fumishes him / her with aid thanks to the capabilities of the 
mobile robot and the communication link in real-time 

• AI (a). Videophone interface permitting the 
management of the communication by telephone link 

• Signals and commands of communication link 

• AI (b). To fumish a bi-directional audio link between 
a professional and a patient 

• Vocal audio signal 
• Quality- good quality, minimum delay, no 

feedback, sound should be synchronized with 
the movement of the video image 

• A i ( c ). To fumish quality bi-directional video link 
between a professional and a patient 

• Video signal 
• Quality - precise but that also may depend on 

the quality of the signal- they have not 
determined that yet. It should be very 
satisfying. Different visual information will 
be required depending on the type of clinician. 
i.e., physiotherapist will want to see patient 
movement, so the image has to be very fluid -
no pauses in the transmission. Nurse- the 
image has to be transmitted in high resolution 
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• A i ( d). Interface permitting the telemanipulation of 
the patient's videophone camera and the use of the bi-
directional link 

• Camera positioning PTZ ( e.g., pan, tilt, zoom) 

• Ai (e). Detachable videophone module 

• A ii. Obtain and Record Information on the Patient in Real-Time 
• Patient's condition and his / her activities (vital signs, 

simple and complex) 
o To record information on the patient during periods other 

than teleoperation 
o Clinical surveillance of the patient 

• A ii(a). Videophone interface permitting the 
management of communication by a telephone link 

• Commands and signals of communication link 

• A ii(b). To fumish a bi-directional audio link with a 
professional and a patient 

• Vocal audio signal 

• A ii( c ). To fumish a quality bi-directional video link 
between a professional and a patient 

• Video signal 
• Quality - reference frame of image will be 

different depending on the type of clinician. 
i.e., physiotherapist: more specific, larger 
point of view, patient clinical interactions 
Nurse: more general, where is the person, 
what is he / she doing, reconstructed from 
many sources. 

• A ii(d). Interface permitting the telemanipulation of 
the patient's videophone camera and the use of the bi-
directional link 

• Camera positioning (e.g., pan, tilt, zoom) 

• A ii(e). Interface permitting access to patient's 
electronic health record and information regarding the 
previous session 

• User name and password 
• File id. Number 

• A ii(f). Interface with fonctions regarding patient's 
electronic health record and information on his / her 
environment 
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o B. 

• Information visualization 
• Recording of audio I video session 
• Remittance of information to session file and 

patient' s electronic health record 

Mobile Robot Teleoperational System 
(Teleoperation of mobile robot for safe displacement in the home) 

• To realize an operator telepresence functionality in the patient's 
environment 

o To survey a patient at home in real-time 
o To travel all over and inspect the environment of the patient 
o To maintain the mobile robot operational 

• Bi. Teleoperational Interface Using a View of the 
Scene of Where the Robot Is 

• Bi (a). Direct teleoperation with obstacle 
avoidance 

o Operator displaces robot by direct 
commands involving velocity 

o Uses view of the scene video image 
o Robot avoids obstacles based on the 

information of its proximity sensors 
o Quality - very precise, very high 

quality 

• B i ( c ). Direct teleoperation without obstacle 
avoidance 

o Operator displaces robot by commands 
involving velocity (telemanipulation) 

o Robot does not avoid obstacles, which 
permits operator to push small objects 

o Uses video image of the scene 
o Quality - important, very high quality, 

very precise 

• B i ( d). Point navigation 
o Depends on the perception of the 

knowledge of its environment (internai 
representation of its environment) -
operator indicates by pointing on a 
map the traj ectory required by the 
robot 

o For navigation: calculation of 
traj ectory, areas to avoid, avoidance of 
obstacles, etc ... 

o Quality of information - depends on 
perception, precision may be weaker 
because the robot can compensate by 
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using its other sensors, view of the 
scene, map precision, quantity and 
sensorial precision on the robot and 
localization system 

• Bi (e). Functional and navigational modes 
o Direct (with and without obstacle 

avoidance) 
o Semi-autonomous (by way-point, 

trajectory) 
o Autonomous (retum for recharging, 

touring the home, follow a person) 

• Bi (f). Autonomous recharge 
o Robot needs to know its own location 

in the environment (where it is) 
o Needs to know the location of the 

recharge station 
o Needs to know when it is connected to 

the recharge station 
o Quality - very precise 

• Bi (g). System state indicators 
o State of the batteries, position of the 

robot, its speed, etc ... 
o Information on communication link 

• Bi (h). Proximal sensory and contact 
information 

o Detection of obstacles 
• Ultra- sound 
• Infra-red 
• Bumpers 

• B i (i). Quality of information - more or less 
precise but way-point navigation can be 
weaker 

• B ii. Direct Interaction (security considerations) 

• B ii(a) Panic button 
o Give the person control so as to be able 

to stop the robot instantaneously, eut 
the A / V communication. 

• B iii. Allows the patient in his / her home to have the assistance of the 
mobile robot in autonomous mode (without distant operator) 
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• Assistance (includes cognitive assistance + mobility assistance 
including assistance in activities + patient can ask robot to record its 
vital signs) 

o B iii. (a). Perception of its environment (robot, obstacles, 
people, localization) 

• Displacements and forces perceived from the actors 
• Impact on the robot (type of displacement of the 

robot, proximal sensors around the robot) 
• Perception for teleoperation (able to see environment, 

patient and obstacles) 
• Perception for navigation (capable ofusing sensory 

information for steering the robot in the environment) 
• For locomotion, high quality- very precise 

o B iii (b). Follow the Patient Autonomousiy 
• Type of dispiacements, perception and navigation 

o B iii ( c). Return to Charging Station and Recharge, 
Autonomousiy 

• Robot needs to know where recharging station is 
• Needs to know where itseif is iocally (internai 

representation of home) 
• Needs to know how much energy is avaiiabie 
• Quaiity - very precise 

o B iii ( d). Autonomous Obstacle A voidance 
• Type of dispiacement, perception and navigation 

o B iii (e). Follow Trajectory 
• Internai representation of its environment (internai 

map) 
• To navigate: trajectory caicuiations, areas to avoid, 

etc ... 
• Quaiity - depends on perception, precision can be 

weaker because the robot can use its other sensors to 
compensate 

o B iii (f). Autonomous Person Research 
• Type of dispiacement, perception, navigation 
• Quality - very precise except for navigation - can be 

a bit weaker 

o B iii (g). Localization 
• Detection of persons: iocalize and approach the 

individuai (see C.) 
• Quaiity - very precise 
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0 c. 

o B iii (h). Mobility Assistance 
• Type of displacement 
• Interaction between a human and the robot: the 

desires of the patient, personal requests, voice 
recognition, touch, perception) 

• Mobility assistance, touch requests, verbal requests 
(The robot perceives a potential action on which it has 
to react) 

• To internet with a human in a safe manner 
• Quality - very precise 

o B iii(i). Cognitive Assistance 
• Electronic calendar with agenda (log) 
• Link between the above and patient' s electronic health 

record 
• Quality- It's very difficult to say, it all depends on 

the information that one collects. One example is that 
it is very difficult to "log" a confirmation that the 
patient has taken his I her medication as prescribed. 
The reason is that one would have no confirmation of 
this event. If one considers that one takes 
measurements of the arterial pressure (home caregiver 
does the work to put the bracelet on the patient's arm) 
then the information will be more precise than the 
information coming directly from a sensor. In the 
case of information transfer, it matters very little. It' s 
the same thing for temperature and pulse 
measurements. Even ifthe information arrives a 
second late, it's not the end of the world. More or less 
precise but it depends on the communication link and 
the sensors. 

o B iii (j). Transportation of Heavy Objects 
• Weight, heavy or not? 
• Where should it be transported? 
• How does one assure that the object is well placed on 

the robot for transport? 

o B iii (k). Do an action, take vital signs 
• See C. 
• Camera and other sensors, infra-red 

o B iii (i). Push Objects 
• Same as above 
• Same as above 
• Quality - has to be very precise 

Health System 
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0 2. 

0 3. 

• To evaluate the patient's condition and help clinicians make diagnoses 
(data collection and transmission system) 

• Information on vital signs of patient (supplementary instruments will have to 
be added to the basic platform 

For example: accelerometer 
goniometer 
strength sensors 
environment sensors 

• Displacement and forces perceived from actors 
• Impact on the operator (type of displacement 

for the robot), proximal sensors around robot 
• Detection of persons: localize and approach 

an individual 
• Quality- very precise 

Depends on each variable measured. 
The frequency of sampling will vary 
depending on the type of sensor. (i.e., cardiac 
frequency - how many measures per minute, 
per hour, per 30 minutes, etc ... Movement 
calculations: frequency is different - either 
from sensors carried on individual or in the 
environment ). 

What are the priority functions of the robot that must be implemented presently? 
• Engineering perspective? 

• 2 ----1 b) The robot - the sensors, the navigation and autonomous 
recharge 

• 1 b --- 2) Operator Interface 
• le --- 3) The communication link between the operator-interface and 

the robot 

In your perspective as a designer, what is the essential information from the 
prototype which will help improve the design of the mobile robot? (In your 
perspective as a designer, what questions should be addressed according to the 
information necessary to continue to improve the prototype of the mobile robot?) 

• Is the system safe, secure and effective at home? (To be able to evaluate 
that in different types of homes with different people living in the homes.) 

• What are the needs for home health care? 
• What are the interactions between the teleoperational system and application 

of the patient's electronic health record? 
• What are the possibilities for cognitive assistance? 

• How will they function? 
• At what level? 

• What are the little tasks that the robot will have to be able to perform besicles 
just moving and surveying? 
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• What other services could the robot offer? 
• What would have to be added to the design to be able to accomplish 

this? (i.e., to better interpret human expressions and visual 
expressions) 

• What will have to be added on to the mobile robot as a 
supplementary instrument to be able to accomplish this? ( e.g., 
biosensors, stethoscopes ) 

• What are the obstacles? 
• Characterize the obstacles, or the floor of a typical patient's home 
• What type of obstacles? 

o Typical size 
o Stationary or mobile? 

• What's the ideal height of the videophone? 
• Do not want the sofa to obstruct the view of the camera 

• Will it be necessary to have the robot capable of climbing and descending 
stairs? 

• Same thing for the doors 
• Should the robot be lit? 

• Will the robot be teleoperated at night? 
• What is the typical displacement velocity to correctly follow a patient at 

home? 
• Should there be a mechanism to obstruct the view of the camera so as to 

preserve the patient's private life? 
• Is it important to have a screen on the robot so the patient can see the doctor 

or operator? 
• Is it necessary for the robot to have an indicator, which will alert the patient 

of its functional status? (e.g., on, on-line, off-line, off) 
• Should the robot be on all the time or it can be shut off from time to time? 

• Is it the patient, him I herself which actions the robot? 
• Should one be able to shut off the microphones on demand for 

confidentiality? 
• Should the patient be able to demand the robot to be in a 

confidentiality mode (must shut off cameras, microphones)? 
• If there are errors detected in the software, should the robot alert the patient 

or the operator? 
• For example: What happens during a network failure (Internet, 

local)? Should the patient be alerted? 
• Should the robot have the capacity to open a door? 

• Or take the elevator? 

119 



APPENDIXC 

TECHNOLOGICAL-INTEGRATOR TRANSCRIPT 

120 



A. Goals, functions, categories and information quality (clinical perspective): 

1. Telepresence (patient will be capable to internet with a distant person) 
a. Communication (bi-directional) 

Context: Communication level between patient and clinicians 
- Sensory information (data) on patient and the environment 
- To enlarge the contact sphere, the communication between the 
clinician, patient and family. 

i. Audio data 
11. Visual data 
iii. Quality - audio/visual information (image + sound) should be of a 
satisfactory quality. The required visual information quality will depend on the 
clinician. For example, physiotherapist wants to see the patient's movements, so 
the image has to be very fluid - there should not be any pauses during the 
transmission of the image. Nurse - the image has to be high resolution. 

Audio - no delays 
- continuous sound - good quality 
- no feedback 
- synchronized with the movement one sees on the screen 

b. Surveillance (it may help someone) 
i. Audio / Visual Information 

- the reference frame of the image is different according to the health 
professional, for example, nurse or physiotherapist 

- for the nurse: more or less general, where is the person, what is he/she 
doing, reconstructed from many sources 

- for physiotherapist: more specific, point of view is larger because one 
needs to see clinical interactions and patients 

* sensory information of the person in the environment 
(e.g., weight bearing measure) 
sensors needed: accelerometer 

goniometer 
strength sensors 
environment sensors 

IL Quality of the information: depends on each variable measured 
- sample frequency will vary depending on the sensor (i.e., cardiac 

frequency- how may measures per minute, hour, half-an-hour, etc ... , 
movement calculations - frequency, for this will be different. ) 

- sensors carried on individual or in the environment 

2. Platform for new development 
- May serve to develop complementary technologies and alternatives, for example: 
telescan and others, may use apart from mobile robot, develop technologies that will 
be used outside of the mobile robot, other examples: individual localization and 
development of an interface for teleoperation - control of the communication 
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between the patient and physiotherapist. 

a. Control of equipment from a distance (one may be able to control the 
patient's environment ). 
- example: alarm indicates that door is locked and one can take control of 

the sensors to unlock and open the door. 
L Sensory data, sensors, actors and the possibility of communication 

and taking control of the sensors. 
11. Quality - low margin of error, extremely robust and dependable. 

B. Implementation priorities ( clinical perspective): 

C. Questions: 

1) Audio/ visual communication: 
- It has to work very well and it has to be well regulated. 
Need to model what kind of screen required to respect the 
quality mentioned above, also must verify control of the 
camera. 

2) Interface capability with a network of sensors: 
- interface the computer on the robot with a network of 
sensors, which are on the individual or in the environment. 

1. The use of the robot??? 
- create scenarios and test its usability, establish the limits of the prototype, 
feasibility test 
Example: communication and telesurveillance ------ verify if the robot is capable of 
accomplishing these goals. 
- verify the use of the robot under real conditions. 
- understand the limits it has. 
- one has to test the proof of the concept, 
- is it capable of being modified ? 
- review the applications 

D. Security issue: 

Give the control to a person on location (kill switch, mechanism by which someone can 
'take control and stop the robot completely, eut the communication). 
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Home-based 1 Physiotherapist 

A. Goals, Steps for Information Collection and Sources of Information for Home 
Functional Evaluations 

1. Goal: Functional Evaluation (Evaluation of Musculoskeletal Problems) 
Example: walking rehabilitation, fall prevention 
a. Evaluation of a typical case 

i. Previous Medical History, Medication 
interview - global patient evaluation, medical file, etc .. 

11. Evaluation of Physical Condition 
( example: different systems - muscular strength) 

m. Evaluation of Capabilities 
( example: walking - how many meters, is patient capable of 
climbing stairs ? ) 

iv. Evaluation of Patient's Capacity to Follow Treatment Plan 
v. Establish ofTreatment Objectives and Give Treatment 

vi. Re-evaluation - physiotherpaist leaves and returns following 
weak to evaluate pertinent points in medical file (not all) - (note: 
see Re-evaluation Transcript and Consensus Meeting Transcript 
- Health Professionals) 

v1i. Give Reprieve for 2 Reasons: 
1. Objectives have been attained 
2. If objectives have not been attained, patient is referred to 

another specialist 
2. Goal: Pain Evaluation 

a. Evaluation of a typical case 
i. Same as above 

B. Advantages for Physiotherapists with Insertion of the Robot: 

1. A health professional can be in another location and give the treatment (i.e., in a 
CLSC or a hospital). 

2. To be able to survey patient falls 
• Will require a sensor that alerts health professional to a patient fall 

3. Patient can direct / guide his / her own autonomy 
• Patient becomes more independent 
• It is like an aid to autonomy 

C. Organizational Aspects of Project: 

1 Home-based: from the point ofview ofphysiotherapists who make home-visits. 
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1. For the establishments: 

2. For health professionals: 

- it will cost the same, but fewer professionals 
implicated 
- can help improve quality of health care 

- may help improve the quality of health 
patients because they will be surrounded by 
less professionals 

- ethical level - non-intrusive 

125 



Distant2 Physiotherapist 

A. Goals, Steps for Information Collection and Sources of Information for the Evaluation of the 
Home Environment 

Frequent Problems: 
- loss of autonomy 

o Paralysis (partial or complete, amputation), muscle weakness 
o Consequences: risk of falls 

-pam 
- wounds 
- hip fracture 

Problems in General: 

Physical problems 
Environmental problems 
Cognitive problems ( example: loss of attention) 
Social problems ( example: isolated or non-isolated) 
Vision problems 
Cardiovascular problems 
Cerebral problems 

1. Goal: Re-evaluation 
(note: point of view of a physiotherapist from a geriatric centre, not one who 
takes care of home visits.) 

Example: a hemi-pelagic (paralysed on one side) 
o Wheel-chair 
o Patient retums home 

a. Security 
i. In daily activities 

11. For example: walking, being able to transfer oneself 
on and off the toilet seat 

m. Displacement aspects, interior and exterior 
1v. Stairways, lighting 

b. To be assured that patient has a backup in case of emergency 
i. For example: bracelet, or call a central service 

11. Have home visits on a daily basis from their children 
111. Make sure that someone cornes from time to time to 

check up on them 

c. Technical Adaptations 

2 Home-based: from the point of view of a physiotherapist situated at a monitoring centre (i.e., geriatric centre). 
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L Instruments 
11. Home services, for example: wash the clothes, linens, 

grocery shopping, take a bath 

B. In general, the opportunities for the project: 

For the health professionals ' 

a) May get a faster reaction, but it will not replace a human. 
- for example: can screen a fall by a phone call but it cannot raise the patient 
- surveillance 
- cannot do other things 

C. For the establishments: 

Note: Must talk to the professionals who take care of the patients at home. 
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APPENDIXE 

PHYSICIAN TRANSCRIPT 
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A. Goals, Steps of Information Collection and Sources of Information for Home Follow-ups 

1. Goal: Evaluation and medical responsibility 

a. Frequent Problems: 
I. Loss of autonomy 
11. Cognitive problems 
iii. Chronic illness (medication management) 
iv. Wound problems 
v. Falls 

b. Categories of Problems: 
1. Physical illness 
11. Cognitive illness 
m. Isolation 

c. Follow-up process: 
L Physical illness: 

1. Patient cornes to his/her appointment or family doctor sees him/her at 
home 

2. History 
3. Evaluation of patient's physical condition (with physical examination) 

and evaluation of medication management 
4. Laboratory exams 
5. Treatment plan (with team) 
6. Surveillance verification (someone who passes by to see patient once in 

awhile). 
7. Follow the treatment that has been given. 
8. Patient is followed-up after 2 weeks or 3 months (by the team ). 

n. Other illness: 
1. Same (sometimes more lab tests). 

d. Sources of Information: 
I. Patient 
n. Family 
m. Personnel 

B. New Opportunities for the Clinicians with the Insertion of the Robot 

a. Surveillance 24 hours 
b. Cognitive aid: alarm which indicates that patient needs to do something 
c. If patient falls ---- alarm will ring alerting someone 
d. Video communication system - patient can see someone 
e. Will not replace humans 
f. Limits the professionals' displacements 
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C. Opportunities (organizational aspects): 

a. For the health professionals: 
1. Can become an element more implicated in the follow-up 
11. Helps to limit the professionals' displacements 
111. Facilitates communication 
iv. Patient can stay longer at home (diminishes the costs associated with 

the relocation to an institution). 

b. For the establishments 
1. N eeds to be seen 
ii. Personal costs diminish because there are less health professionals 
111. The cost of the equipment???? - depends on the situation 
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APPENDIXF 

SOCIAL WORKER TRANSCRIPT 

131 



A. Goals, steps for information collection, sources of information for the evaluation of a typical 
case. 

Categories of Frequent Problems 

Classes for each category: 

1 Mental illness 
2 Physical illness 
3 Intellectual deficiency 

Subjects - 65 yrs. and over 
• Cognitive illness: Alzheimer's, vascular dementia, memory problems, orientation, 

judgement, behaviour 
• Physical illness: 

};;> Degenerative: Parkinson's, Sclerosis 
};;> Chronic: diabetes, cardiac, pulmonary 

Subjects - 18 yrs. and over 
• Physical handicaps 

Subjects - less than 65 yrs. 
• Congenital intellectual deficiencies 

1. Goal: Steps for the management of a typical case (Case Manager) 

a. 1 st step 
i. Reception: represents the entryway: 24h/24, receipt of a demand made by 

the subject concemed, neighbour, child concemed, professional, etc ... 
ii. Information collected 
iii. Orientated towards a health professional: occupational therapist, physiotherapist, 

nursmg care 
iv. Extemal referral: depends on the situation 

};;> Community organisation 
};;> Social services 

b. 2nct step: with the help of a questionnaire: multi-clientele evaluation tool 
Concems the subject and the global evaluation of the situation in the environment that the 
subject finds him/herself. 

i. Health evaluation 
ii. Evaluation of autonomy 
iii. Evaluation of family situation 
iv. Evaluation of daily living 

Result: Global portrait of subject 

c. 3rd step: Elaboration of intervention plan 
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Concems the professional and defines the type of intervention that one must fumish to the 
subject: 

i. Baby-sitting, respite 
ii. Hygienic 
iii. Nutritional 
iv. Social follow-up 
v. Nursing care 

Result: Definition of the type of professional that subject needs. 

The intervention plan is re-evaluated 1 / yr or more depending on the situation 

d. 4th step: Follow-up 
);> It's usually done 1 / yr. , but it may depend on the situation, it may be done more 

intensively (in the case of a hospitalisation, for example) 
);> On average 1 per month or 1 every 3 months, contact with the people 
);> Will decide to follow-up based on the demand: 

• On call 
• Isolated case like in the case of abuse, one assures that an auxiliary brings 

the minimum amount of information (1 per month). 

e. Information sources 
• Patient 
• Family network 
• Social network: friends, neighbours 
• Professionals (family doctors, contacted with authorization from the subject). 
• Major centers (CHUS, IUGS, centre de réadaptation) 

B. Opportunities with regards to the categories of problems previously mentioned 

• The robot can follow the patient up at a distance for a health professional who is not 
able to see all his/her patients. 

• The social worker can take notice of the situation directly through the use of a camera 
• The old age subjects who are isolated may develop a sort of tie with the robot, in feeling 

usefül in taking care of the robot (i.e., changing the battery). 
• Diminishment of abuse, in the case of maltreatment. It will distance the abusers who 

feel observed by the camera. 

C. Inconveniences 

• Far from actual practice right now 
• Isolates the patient 
• Patients with cognitive troubles: the presence of a robot might incur mental confusion 
• Notion of confidentiality: the robot moves around the whole house 
• Social fear: the robot should not replace the caregiver 

D. Opportunities for the health professionals 
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• Gain oftime 
• Capacity to see more clients 
• Limits the displacements 
• Brings more information 
• Opportunity for observation, which reassures the family members especially for the patients 

with memory problems, behavioural problems ... 
• Good method of analysis. 

E. Opportunities for the establishments 

• Financial cost: save money 
Less health professionals implicated 
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NURSE TRANSCRIPT 
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A. Goals, steps for information collection and sources of information for a biological 
evaluation and medical I psychosocial follow-up. 

Frequent Problems: 

- loss of autonomy ( domestic daily activities) 
- incontinence 
- home caregiver burden ( often) 

(expensive for society) 
- poor medication management 
- transportation problems 
- feet care 
- diabetes 
- wound problems 
- social isolation related to pathology 
- cardiovascular conditions 

cardiac problems 
HTA 
digestive 

- typical clientele (80 yrs + ) 
- Parkinson' s 

1. Goal: Biological Evaluation and Medical /Psychosocial Follow-up 
(note: previously the nurses used to do home-visits, now everything is coordinated 
from the day hospital.) 

a. Biological 
L Global evaluation 

IL 14 needs, for example: drink, eat, breathe, etc .... see data 
collection sheet. 

111. Complete blood workup, for example: TSH, urine culture, HT A, 
etc ... see data collection sheet. 

1v. Medication management - see data collection sheet. 

b. Psychological 

c. Social 

d. Spiritual 

L Cognitive evaluation (with data collection sheet). 
11. Referral to neurological psychologist, if needed - for example, 

Parkinson's or suspected Alzheimer's. 

i. Evaluation of Social Quality of Life (initially with data collection 
sheet). 

IL Referral to a recreational therapist, or social worker, if needed. 
111. A more detailed evaluation ensues with the above specialists. 

i. A priest or some other religious leader passes to see them. 
11. The priest gives communion. 
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m. The priest gives the sacrament ofreconciliation. 

e. Sources of information: 

2. At home 

i. Patient file 
u. Informatics (network) 

m. Case Manager - all the notes are available through the case 
manager 

a. When there are doubts, the health professional calls the family, because 
home visits are no longer performed. 

B. New opportunities for clinicians with the insertion of the robot: 

1. Good on visual side 
2. Good on audio side 
3. Able to see they're mobility level. 

C. Opportunities (organisational aspects): 

1. For health professionals: 
a. They will be able to collect new kinds of information. 
b. Doctors can pose questions from a distance 

2. For the establishments: 
a. Good idea for rehabilitation. 
b. Health professionals displace themselves less, therefore costs decrease, waiting lists 

decrease. 
c. Administrative costs decrease. 
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CONSENSUS TRANSCRIPT WITH HEALTH PROFESSIONALS, 
TECHNOLOGICAL-INTEGRATOR AND ENGINEERS 
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1. Preliminary Consensus with Engineers 

The consensus meetings resulted in a consolidation of four objectives (Videophone 
Telepresence, Real Time Data Acquisition, Operator Telepresence and Autonomous Robot) into 
two main ones (Videophone Telepresence and Robotic Teleoperation). A forther refinement of the 
system's architecture and content of the use-case diagrams ensued. 

2. Subsequent Consensus with Health Professionals, Technological-integrator and Engineer 

1. Decided to add another specification to the system architecture. 
a. Information coming from sensors which records patient's vitals. 

Named it the Health Sensory System. 

11. Changed Videophone System to Video Communication System. 

iii. Renamed Ergonomie User (kinesiologist) to Technological-integrator 

IV. Consolidated the 2 separate physiotherapists into Physiotherapist with 2 roles on the 
diagram representing the different users' objectives. 

v. Changed the bi-directional arrows for the Researchers and the Natural 
Caregivers to dotted bi-directional arrows on the system architecture diagram. 

v1. Changes made to the use-cases: 

a. Engineer 
1. Video Communication System: 
11. Removed the fonction Signal Acquisition for Vital Signs and placed 

it in a separate use-case diagram. 
m. Named the use-case diagram, Health Sensory System. 
IV. Changed Researchers to Technical Support 

b. Nurse 
1. Changed the objective title from Patient and Environment Evaluation 

to Biological Evaluation and Medical /Psychosocial Follow-up. 
11. Added a new fonction Teaching Natural Caregivers, which 

represents an audio / video communication link between the nurse 
and the caregiver for teaching purposes. 

111. Updated the fonction Biological Evaluation to include medication 
management. 

c. Social Worker 
i. Changed the objective title from Case Evaluation to Case Manager. 
11. The rest was left as is. 
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d. Doctor 
1. No changes made. 

e. Physiotherapist 
i. Changed objective title to Functional Evaluation from Evaluation of 

Physical Capacities 
II. Changed to Physiotherapist with 2 roles, which now includes 

Physiotherapist (home visits) and Physiotherapist (at a distance). 
m. Changed Security Evaluation Goal to Re-evaluation 
iv. Re-evaluation Use Case now includes the following fonctions: 

Verification of Security (now containing security in activities, 
emergency contact, home adaptations), Re-evaluation of Physical 
State, Establish the New Treatment Objectives and Teach 
Modifications and Do the Follow-up. 

v. Functional Evaluation now contains the fonction Re-evaluation which 
refers to the Re-evaluation Use Case 

vi. Do the Follow-up in the Re-evaluation Use Case was omitted because 
it's already listed in the Functional Evaluation Use Case 

v11. Consolidated Re-evaluation Use Case with the Functional Evaluation 
Use-Case. The Functional Evaluation Use Case now represents 
everything. 

f. Adapted a new-use case from an occupational therapist's perspective. An 
individual interview with an occupational therapist was not thought 
necessary at this stage of information flow specification. 
I. Entitled the objective, Evaluation of Patient's Surroundings and 

Social Participation. 
11. Added the following fonctions: 

a. Verification of Security (i.e., in activities and obstacles that 
can hinder environment). 

b. Verification of Instrumental Adaptation (i.e., use of canes and 
walkers) 

c. Evaluation of Home Adaptations (i.e., grab-bars) 
d. Evaluation of Autonomy in Activities. 
e. Evaluation of Social Participation. 

140 



APPENDIXI 

BENCHMARK CONSENSUS AND EVALUATION TRANSCRIPT 
WITH USERS3 OF MOBILE ROBOT 

3 Users of mobile robot = designers and health professionals. 

141 



1. As a result of the validation process with the sequence diagrams, the following 
links were added to the health professional use-case diagrams: 

a. Doctor Use-case 

L For all the respective fonctions, a link was added to the video 
communication system. 

11. For both the History and Surveillance Verification Functions, a link was 
added to the information system in order to access other pertinent 
information not necessarily included in the EHR (i.e., Electronic Health 
Record) and to be able to put the robot on alert status. 

m. For the Physical State Evaluation Function, a link was added to the health 
sensory system in order to access other pertinent information. 

b. Nurse Use-case 

1. For both the Biological Evaluation and the Social Evaluation Functions, a 
link was added to the information system. 

u. For the Biological Evaluation Function a link was also added to the Health 
Sensory System. 

c. Occupational Therapist Use-case 

1. For both the fonctions of Social Participation and Autonomy in Activities, a 
link was added to the information system. 

d. Physiotherapist 

I. For the fonction, Evaluation of Functional Capacities, a link was added to 
the information system. 

ii. For the fonctions, Evaluation of Physical Condition and Re-evaluation of 
Physical Condition, a link was added to the Health Sensory System. 

e. Social W orker 

i. No changes made. 

2. Changes made to the system specification's diagram 

a. Added a new link between the Electronic Health Record Interface and the 
Electronic Health Record Database so that the clinician can access the electronic 
health record directly. 
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b. Changed the Researcher and Natural Caregiver links to a dotted bi-directional arrow 
from a solid one. This was done to reflect that the researchers and caregivers would 
have restricted access. For example, the researcher will be able to access the 
general research database but not the particular individual health record. 

c. Changed the two bi-directional arrows between the electronic health record and the 
system database to two unidirectional arrows. One is a solid arrow going from the 
system database to the electronic health record, whereas the other is a dotted arrow 
from the electronic health record to the system database. This reflects the present 
situation of being able to store data into the electronic health record. Pulling data 
out of the electronic health record for use by the robot will be developed at a later 
stage .. 

3. Changes made to the sequence diagrams 

a. Operator will be changed to Technical Support 

b. Monitoring and Surveillance will be changed to Assistance 

c. Project Centre IS (i.e., IS =Information System) and Mobile Robot IS changed to 
Surveillance Centre and Mobile Robot, respectively. 

d. Analysis of Patient's Movements refers to a task-specific evaluation 

e. For the Nurse Sequence Diagram, action 3 regarding the examination of the 
patient's feet using the teleoperational system was changed to the teleoperational 
camera because it is a separate system (i.e., a pan-tilt-zoom camera). 

f. Combined Occupational Therapist and Physiotherapist Sequence Diagram and 
changed title to: Rehabilitation Intervention 

g. Added surveillance of activities to the Occupational Therapist Sequence Diagram 

h. Deleted the action referring to communication with the CLSC (i.e., a community 
care centre) because of redundancy. 
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PROTOTYPE OF TELEOPERATED MOBILE ROBOT 
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APPENDIXK 

RESULTS OF APPLICATION OF METHODOLOGY TO 

TRANSFERABILITY STUDY IN ONCOLOGY 
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This section reports results obtained from applying the methodology described in Section 2 

to an outpatient oncology clinical information system, so as to test its applicability to another 

clinical domain. 

In this example, oncology was chosen because it represents a highly specific, complex and 

deadly disease, which requires very accurate and precise information management to effectively 

promo te the major clinical activities of care, research and education. Any inaccurate or faulty 

information can have serious consequences, for example: a wrong diagnosis resulting in a non-

effective treatment. Bence, it is imperative that the information system conveys the right kind of 

information to the professionals and patients at the right time. Moreover, an oncology outpatient 

clinic was selected because these patients still have their mobility and can effectively internet with 

a computer system; they are not bedridden. 

1. QUESTIONNAIRE DEVELOPMENT 

For any clinical context, activities revolve around three major categories: care, research 

and education. In this example, an all-purpose information system was considered. Therefore, 

objectives, which refer to specific activities, were determined for each of these major categories. 

However, to make the study more efficient, only the most pertinent user, the medical oncologist, 

was referenced from a project member, rather than all the potential users possible (e.g., nurses, 

medical specialists, medical students and patients), for whom a questionnaire was developed. 

Furthermore, this questionnaire was developed with an outline of principal objectives for each 

major category already included. The oncologist was then asked to take one of these objectives 

and identify the corresponding components and sources of data. Examples were provided. The 

oncologist was also asked to submit suggestions for improving the information management. This 

questionnaire is presented in Appendix L. Validation was then accomplished with the researchers 

responsible for questionnaire development because they were judged as the content experts in 

terms of information management. 
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2. INTERVIEW 

Only the medical oncologist was interviewed. An interview lasted approximately thirty 

minutes. 

2.1 Interview Analysis 

Transcripts were developed based on the analysis of the verbatim from the oncologist 

interviewed in the study. 

2.2 Validation 

This was then subsequently validated to ensure accuracy. No changes were made to the 

transcript. A detailed representation of the transcript is given in Appendix M. 

3. USE-CASE DEVELOPMENT 

The sole transcript was categorized according to principal objectives, functionalities, data 

users and data sources. To keep the study relatively time efficient, only UML was used to 

document the use-cases for each objective. Table 5 lists the use-case diagrams, functions and 

motivation for the different objectives per major category: 
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Table 5: Use-case Diagrams for Oncology Study 

Category Use-case Reference Functions Motivation 

(Objective) 

Care 1. First Visit - Patient Evaluation Establish Diagnostic To develop and evaluate a patient-

specific treatment plan 

Stage Determination 

Treatment Plan 

Re-evaluation 

Research 2. Clinicat Trials Protocol Completion To better organize the information 

and provide better access 

Clinical File Completion 

Education 3. Patient Brochures (patient-specific) To better organize the information, 

provide better access, increase 

comprehension and provide better 

patient and self-care 

Web Documentation 

Special Sessions 

Access to Patient File 

The interesting aspect here is the motivation because this enables additional considerations 

when designing the information system. For example, the motivation for the first objective, First 

Visit - Patient Evaluation, is to develop and evaluate a patient-specific treatment plan, and 

therefore, one can add additional algorithms (i.e., programs) to incorporate decisional support. The 

next objective, Clinical Trials, states that the motivation is to better organize the information and 

provide better access, which suggests that the speed at which the information is accessed should be 

maximized. The last objective, Patient, mentions that the motivation is to better organize the 

information, provide better access, increase comprehension, and provide better patient and self-

care. This suggests that the interface should be patient-friendly to get optimum benefit. 
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3.1 Use-cases 

The UML use-case models for each objective are shown: 

a) Establish Diagnostic 

b) Stage Deterrnination 

c) Treatment Plan 

d) Re-evaluation 

Patient 

Transcript Reference 

a= Obj. 1. F. (a.) 

b = Obj. 1. F. (b.) 

c = Obj. 1. F. (c.) 

d = Obj. 1. F. (d.) 

Obj. =objective, F. =fonction 

Electronic 
Health Record 

Figure 32 - Oncologist Objective (for Care Category): First Visit - Patient Evaluation 

Figure 32 demonstrates that for the Care Category, the First Visit-Patient Evaluation 

objective is particularly important to require its own interface. To ensure adequate functioning, the 
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objective requires four functionalities in the following sequence: Establish Diagnostic (i.e., 

diagnostic information pertaining to cancer type from pathology report or referral letter), Stage 

Determination (i.e., determination of the level of advancement of the cancer from a combination of 

indices: pathology; medical imaging; medical examination), Treatment Plan (i.e., detailed outline 

of the specific treatment that will be given to the patient such as any combination of the following: 

surgery; chemotherapy; radiotherapy; hormonotherapy) and Re-evaluation (i.e., re-assessment of 

the patient's condition through a follow-up exam usually involving medical imaging). Note that 

medical imaging may involve MRl, CT, bone scintigraphy or X-rays depending on the nature of 

the cancer. 

a) Protocol Completion 

b) Clinical File Completion 

Patient 

Transcript Reference 

a= Obj. 2. F. (a.) 

b = Obj. 2. F. (b.) 

Obj. =objective, F. = fonction 

Figure 33 - Oncologist Objective 2 (for Research Category): Clinical Trials 

Electronic 
Health Record 
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Figure 33 demonstrates the importance of the Clinical Trials objective for the Research 

Category. Thus, it requires its own interface. In total, two fonctions are required: Protocol 

Completion and Clinical File Completion. 

Contrary to the use-case model, First Visit, the data sources and users diverge depending on 

the fonctionality. Completion of Protocol, a fonction that enables one to input patient information 

regarding the particular clinical trial research protocol, requires information to and from the 

oncologist, the patient, the clinical trial database and the patient's electronic health record. Clinical 

File Completion, a function that enables one to complete and update the patient's clinical file, 

requires information to and from the research nurse rather than the oncologist, with all other 

parameters being equal. This is because the research nurse inputs the information in this context. 

The implication here is that the interface must be understandable not just to the oncologist and the 

patient but to the research nurse as well. 
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a) Brochures ( e.g. patient-specific) 

b) Web Documentation (e.g. statistics) 

c) Special Sessions ( e.g. videos) 
Patient 

d) Acess to Patient File 

Transcript Reference 

a= Obj. 3. F. (a.) 

b = Obj. 3. F. (b.) 

c = Obj. 3. F. (c.) 

d = Obj. 1. F. (d.) 

----- = possibility 

Obj. =objective, Sf. = sub-function, F. =fonction 

Figure 34 - Oncologist Objective 3 (for Education Category): Patient Education 

Internet Server 

Electronic Health 
Record 

Figure 34 demonstrates the importance of the Patient Education objective to the Education 

Category. This interface requires four functionalities for optimum performance: Brochures (e.g., 

patient-specific) (i.e., a visual pamphlet which can be printed out explaining the patient's disease 

and treatment), Web Documentation (i.e., a web site displaying various disease statistics and other 

pertinent information), Special Sessions ( e.g., informative video) and Access to Patient 's File (i.e., 

patient's accessibility to read, download and print information within the electronic health record). 
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Ali four functionalities require information to and from the patient. However the last 

functionality, Access to Patient 's File, may be a possibility for certain information only, as there is 

a lot of information that the patient may not necessarily understand. 

The divergence with all these fonctions is the information being received and sent to the 

various components of the system. The Brochures and Special Sessions require a link with the 

educational database, whereas the Web Documentation functionality requires a link with an 

Internet server and the Access to Patient 's File functionality requires a link with the patient's 

electronic health record. 

3.2 Consensus 

The consensus meeting was conducted at the same time as the satisfaction evaluation to 

increase time efficiency. The oncologist was asked to verify the accuracy of the use-case diagrams 

and suggest necessary changes. Since no changes were made, the assessment of applicability ( e.g., 

satisfaction evaluation) was subsequently conducted. 

4. SYSTEM ARCHITECTURE 

The system architecture was developed to meet the needs of the activities. that were 

identified in the needs analysis part of the methodology. The previous use-case models were 

integrated within this model. 

Figure 36 represents the system architecture of the external oncology clinical information 

system, such as the hardware and software (e.g., databases), in relation to the different categories 

of actors. 
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Educational 
Information System 

Data Warehouse 
(CIRES SS) 

Hospital Information 
System (ARIANE) 

TI 
Research Information 

System 

Workstation - patient 

Workstation - clinician 

Figure 36 - System Architecture for Outpatient Oncology Clinic 
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This system architecture was designed simply by integrating all of the UML use-case 

models developed in the previous step. 

It requires four different physical components for optimum operation, specifically a 

research information system, hospital information system (a.k.a. electronic health record), data 

warehouse and an educational information system, all in relation to two different workstations: the 

clinician and patient. 

With this system, a clinician can do several things: access important research data for 

specific clinical trials via the research information system, access information for locally run 

studies from the data warehouse, access the patient's electronic health record and finally access the 

educational database through the link with the data warehouse. 

The advantage for the patient with this system is improved understanding because now all 

the pertinent information is readily accessible through the direct link with the educational 

information and the possible link with the electronic health record (ARIANE). The link with the 

electronic health record is considered a possibility for certain information only because the patient 

will not be capable of understanding all the information in the electronic health record. 

The system architecture is validated with the oncologist at the same time as the validation 

of the use-case models. No changes are documented. 

5. ASSESSMENT OF APPLICABILITY 

A satisfaction evaluation rather than a case evaluation was used as an assessment tool, 

because the goal here was to evaluate the methodology's ability to accurately design informational 

architecture rather than evaluate its implementation. This was conducted with the oncologist at the 

same time as the validation for the use-case models. The developed questionnaire was given to the 

oncologist, who then filled it. This lasted approximately ten minutes. The satisfaction evaluation 

gauged to what level the oncologist was satisfied with the proposed integrated architecture. This 

satisfaction was a direct consequence of the methodology's ability to help develop and design such 
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informational architecture. This questionnaire is presented in Appendix N. Tables 6 to 8 list the 

results of this endeavour. 

Table 6: Overall Satisfaction 

Question Response 

Do the schemas accurately depict the interview Yes 

discussions? 

This exercise was brief and large, however No 

were there any major gaps omitted from the 

interview? 

The above results indicate that this methodology is quite useful in helping to provide a 

design, which conforms to the oncologist's criteria, because this design accurately reflects the 

information gathered during the interview session without any major gaps. A major critique of 

health information system tends to be the lack of congruence between the clinician's requirements 

and the information system's ability. This methodology, therefore, helped to better diminish the 

gap between the two and provide a much more integrated system. 
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Table 7: Satisfaction with Specific Clinical Criteria 

Clinical Criteria *Score 

Time efficient 5 

To improve patient care 5 

To improve the understanding of the patient, 3 

doctor and nurse 

To support information exchange between team 5 

members 

To support student and resident training 3.5 

Ove rail **21.5 

* Individual scores are out of a maximum of 5 points 

* *Overall score is out of a maximum of 25 points 

The above results indicate a relatively high satisfaction in terms of the methodology's 

ability to design a system, which meets essential clinical criteria. The overall score is 21.5, which 

represents 86% of the maximum. Three out of the five clinical criteria (60%) have maximum 

individual scores of 5. The clinical criteria with the strongest results are time efficiency, 

improvement of patient care and information exchange support. Time efficiency is viewed as 

maximized with this architecture because the overall information flow is better directed. The 

electronic health record, the research database, the data warehouse and the educational database are 

all interconnected. More information would potentially be readily available. Patient care is also 

maximized because pertinent information is readily available and finally, information exchange 

between team members is maximized due to a combination of improved information flow and data 

recording. Understandably, both improvement ofunderstanding and support of student and 

resident training receive relatively medium scores because the focus here is on information 

accessibility for the patient. In addition, information quality and content were not addressed. 
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Table 8: Prioritization 

Category Priority 

Digitalization of necessary documents High 

Software to support research protocols Low 

Immediate access to information ( e.g., High 

guidelines) 

Decisional support (i.e., alerts) Medium 

The above results indicate that according to the oncologist the two major priorities for 

converting his clinic into a more information friendly setting are the digitalization of necessary 

documents and immediate access to information. Both these areas revolve around information 

accessibility. However, according to the satisfaction scores for individual criteria, the lowest 

scores involve information accessibility. Two reasons for this discrepancy are the fact that only 

patient education was modelled and more detail, such as information quality, should have been 

addressed. Coming in at second place is decisional support, with software to support research 

protocol being of lowest priority. Considering the fact that these reflect the highest scores in terms 

of satisfaction with clinical criteria, the medium scores obtained in terms of information 

accessibility are still not considered weak because not all the educational objectives were 

modelled. If in fact more of the educational objectives had been modelled than it is possible that 

these scores may have been higher. Moreover, information quality was not addressed and this may 

also contribute to lower results. Therefore, when using this methodology it is imperative that ail 

major objectives are modelled and that information quality is addressed. 
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Questionnaire for an Oncology Clinic 

Context: 

Different activities are found in an extemal clinic for a specialized hospital conceming care, 
research and education. In our research, we are interested in the optimization of information as 
required by these three large activities. The goal of this process is to validate an analytical 
approach developed in another context by applying it to another clinical sector. 

Participation: 

a) In a short interview, you are asked to specify an example of a major activity in each one of 
these large categories and for this example, to identify the informational components. 
Examples of categories can be found below. You canin the interview, either elaborate 
within the example, or suggest a new category with its informational components. 

b) Subsequently, a schema of informational interactions will be constructed for your validation 
during a second short interview. 

Questions 

1. What are the major categories of care undertaken at your clinic? 

2. The major categories ofresearch? 

3. The major categories of education? 

4. In taking an example of each one of the 3 categories below, can you summarily 
describe the principal components by identifying the sources of information 
associated with these components and the principal users of this information? 

Examples 

In addition, for each example, what suggestions would you make for the 
improvement of the information management? 

1. Major categories: 
a. Care: 

- First visit - establishment of diagnostic 
- Specialized treatment (for example: chemotherapy, surgery, radiotherapy) 
- Palliative care 
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b. Research: 

- Clinical Trials (collaboration with other centres) 
- Local Research Project 

c. Education: 

- Medical Student 
- Resident 
- Patient 
- Personnel 
- Clinical Team 
- Patient Family 

2. Principal Components for certain above examples: 

a. Category - care, example - first visit 

- Reference Letter 
- Clinical Notes (individual history, family history) 
- Tests already completed 
- Prescriptions: diagnostics, medication 
- S ummary Letter 
- Appointment 
- Other information (literature search, guidelines) 

b. Category- research, example - clinical trials 

- Protocol Completion 
- Clinical File Completion 
- Data Transfer to Ariane System 

c. Category - education, example - patient 

- Printed Documentation 
- Web-based Documentation 
- Special Sessions 
- Patient File Access 
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Informational components, as a fonction of specific objectives for the major categories of care, 
research and education, found in an outpatient oncology clinic. 

o 1. Category: care, Objective: first visit 
o a) Establish diagnostic - lst step 

• Not always because sometimes the patient already cornes the patient 
cornes already diagnosed, therefore at this time, one just has to 
determine the stage of the cancer. 

o b) Malignant diagnostic confirmed - need to determine the stage. 
• One has to take account of the grade (cornes from histopathology), 

absence I presence of metastases, size oftumour, presence /absence 
of lymph node metastasis, etc 

o c) Treatment Plan 
• Based on the principal objectives: 

1. Heal 
2. Disease Control 

• Types of treatments: 
1. Surgery 
2. CTx (Complementary treatment) 

a). sensible 
b ). refractory 
c). antibodies 
d). radioactive antibodies 
e). adjuvant: 

o d) Re-evaluation 

i) radiotherapy 
ii) chemotherapy 

• Patient follow-up so as to be able to detect any changes and to be able to 
modify the treatment on route, if needed. 

o 2. Category: research, Objective: clinical trials 
(note: This is doue only at a big university hospital centre, for example: CHUS). 

o a) Protocol completion 
• It's the doctor, which does this explicitly. Each time there is a patient which 

matches inclusion/ exclusion criteria, the patient is selected to be entered in 
the study. 

o b) Completion of clinical file 
• It' s the research nurse, which fills out all the clinical files on paper. 

o c) Data transfer from Ariane system. 
• This does not exist. 
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CJ 3. Category: Education, Objective: patient 

o a) Printed documentation ( e.g., brochures) 
• Often the brochures are stereotypical. They are not patient-specific. They 

are vulgarized and non-intelligible. 

o b) Web documentation 
• for exarnple: statistics web site 

o c) Special sessions 
• They have this, for example: videos (VHS) 

o d) Access to patient file 
• This is rare because there is a small probability that the patient will be able 

to understand all the information in his / her medical file. (*for certain 
information only - possibility) 

CJ 4. Suggestions for the improvement in information management. 

o a) Speed up the speed of the system to respond to queries and I or open 
documents because it takes approx. 15 seconds, therefore for 1 OO patients 
this becomes 15 minutes of extra time. 

b) One should digitalize the paper forms, for example: chemotherapy forms, 
because this does not exist and as a result, they have fill out all this 
information by hand. 
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1. a. Do the schemas represent the discussions that we had during the 
interview? 

b. This exercise was brief and large, however were there any major gaps 
omitted during the interview? 

2. Could you evaluate the potential of this information system in bringing about a clinical 
benefit by indicating a number on a scale of 1 to 5, 1 - not all, 2 - a little, 3 - average, 4 -
more or less, 5 - a lot, for each of the following criteria: 

3. 

a. Time saving? 

b. Improving the organization of patient care? __ _ 

c. Improving the patient's, doctor's and nurse's understanding? 

d. Supporting information exchanges amongst the team members? __ _ 

e. Supporting education and training for the following: 

L medical students? ---

ii. residents? ---

f. Other criteria? 

a) According to you in your clinic what aspect will be a priority in the 
subsequent stages of informatization? 

b) Could you prioritize each one of the following informatics advancements 
by indicating one of the following three letters: H, high priority, M, medium 
priority, 
L, low priority? 

L Software to support research guidelines? __ 

11. Immediate access to information? 

m. Decisional support (i.e., alerts)? __ 

iv. Other? ---
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