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1 Introduction 

With the present document, we aim to describe the methods, processes and rationale which will be 

used for the evaluationand the validation of the eWALL prototype. 

The evaluation process has one major goal: to create through users’ and experts’ feedback and 

design iterations, a functional, useful and well-accepted product for the end users. Thus, evaluation 

sessions have to be planned throughout the development of the product, as it evolves from sketches 

to a fully functional system.  A development process can benefit the most from evaluation sessions, 

when they are fast-paced, produce results in short-time which can directly inform the decisions and 

the directions of the development team.  

On the contrary, the system validation should not be a fast-paced process.  There, the focus lies on 

providing evidence that the system indeed benefits the end-user in specific aspect on her life. The 

impact should be assessed both quantitatively as well as qualitatively. 

The validation and evaluation activities within the eWALL project are structured in three phases: 

several iterations of small-scale evaluations (M13-18) followed by a 6-monthsmall-scale 

validation study (M19-24) which will prepare the ground for a sound validation methodology 

approach and setup for the large-scale validation(starting in M25). 

In the following sections, we are going to provide concrete methodologies, tools, setups and an 

approximate roadmap for the evaluation and the validation of eWALL. Our approach is based on 

literature, experience in the field and our initial research on user profiling and State of the Art (see 

deliverables D2.1 and D2.2), which have shed light to our end users’ personal needs and goals and 

informed us how and industry addressed these needs so far. 
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2 Evaluation and validation roadmap 

Given the fact that we can practically conduct three iterations (evaluate-redesign cycles), the 

following planning is suggested. Each iteration cycle is contained between two lines (Figure 1). 

 

Figure 1: Evaluation and validation roadmap 

 
We have made a distinction between evaluations that will be done to support the design process, 

and the small-scale validation study, that is based on different goals, methods and constraints. 

Section 0 focuses on the evaluation activities conducted within the first 6 months of the evaluation 

phase. During the first small-scale evaluation, we will focus primarily on usability and other 

relevant user experience factors. Usability is crucial for proper user-system interaction, and 

therefore serves as a prerequisite for the evaluation of other user experience factors. Once, usability 

is improved, based on the results of the first evaluation, we will include in the assessment the 

specific factors related to the personalization and user experienceof the system (modularity, 

adaptability, unobtrusiveness) in the second small-scale evaluation. Additional factors such as 

motivation and acceptance will be assessed in the subsequent small-scale validation study (where 

the system will be close to ready). 

Based on these goals, and the overall planning, suitable methods can be chosen for assessing the 

different aspects of the evaluation. 
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3 Evaluation and validation goals 

In general, the evaluation and validation process aims to measure the performance of a system 

towards the specific needs of its end-users. In order to define the parameters of this process, we 

need to go back to the user requirements and needs analysis; each defined need and requirement 

becomes a dimension to which the success of the project is measured. In eWALL, the initially 

defined user profiles (see D2.2) and user requirements (see D2.1) set the framework for the 

evaluation and validation methodology. 

Table 1presents a set of values or goals that we strive to achieve in eWALL, which constitute the 

evaluation and validation goals. Modularity, adaptability, unobtrusiveness, minimum user input, 

and motivation are the user requirements identified in the D2.1. Usability, user experience and 

acceptance were added in collaboration with partners, as they are crucial evaluation goals for 

eWALL and almost every system.  

For each evaluation goal, we identify a set of evaluation methods that could be used to answer to 

the hypothesis or the question imposed by the goal, e.g. is eWALL easy to use? The evaluation 

methods included in this table are described in detail in section x Evaluation Toolbox. The small-

scale evaluations will be performed per service, not per evaluation goal. That means that in the 

small scale evaluations, we are going to use from all the mentioned methods, the ones that make 

sense according to the stage of the development and the available services. 

 

Table 1: Evaluation and validation goals 

Goal Description Evaluation Methods 

Usability eWALL is easy to use. Task-based evaluation with end-users, UMUX, 

expert review, participatory heuristic evaluation. 

User experience eWALL is pleasant to 

use. 

HED/UT questionnaire (mainly hedonic aspects), 

task-based evaluation with end-users, interviews 

with end-users. 

Modularity eWALL is modular. Expert review. 

Adaptability eWALL is adaptive. Expert review and/or participatory heuristic 

evaluation first, later task-based evaluation with 

end-users. 

Unobtrusiveness eWALL is unobtrusive. Task-based evaluation with end-users, participatory 

heuristic evaluation. 

Minimum user 

input 

eWALL requires the 

minimum possible input 

from the user. 

Task-based evaluation with end-users, participatory 

heuristic evaluation. 

Motivation eWALL is motivating. HED/UT questionnaire, task-based evaluation with 

end-users, expert review, participatory heuristic 

evaluation, longitudinal studies (validation). 

Acceptance eWALL is well-accepted 

and can be a valuable 

addition in the life of the 

end-users. 

TAM3 questionnaire, qualitative interviews with 

end-users and in-/formal caregivers, validation. 
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Usability is most often defined according to the ISO definition as the effectiveness, efficiency and 

satisfaction by which a user can interact with a system[1]. Usability evaluation then refers to 

identifying those issues that hinder usability (e.g., an unclear icon) in order to serve as redesign 

input. As such, usability testing is a crucial part of user-centered design. The evaluation of usability 

will be conducted with a task-based approach with end-users (see subsection 4.1.1) and the UMUX 

questionnaire, widely used in industry and academia to assess usability (see subsection 4.1.3.1). Of 

course, before the end-users evaluate eWALL, usability experts in the consortium and/or in-/formal 

caregivers will review all the User Interfaces for usability (see subsections 4.1.4, 4.1.5).  

Moreover, in the large-scale validation, data about the use of the system from the end-users will be 

acquired in order to gather additional insights on eWALL, such as which applications are used and 

which not, errors users make in their interaction with the system, their requests to the system, etc. 

The data log analysis has the advantage that it doesn’t additionally burden the users and it can 

extract a number of useful conclusions concerning the usability and the user experience of a system 

User experience (UX) has been defined very differently in the literature, often displaying a large 

overlap with usability. UX, however, is distinctly different. Again using the ISO[2], UX can be 

defined as “a person’s perceptions and responses that result from the use or anticipated use of a 

product, system or service”. As such, UX can be seen as the affective response a system evokes, 

and deals with issues like trust, privacy, aesthetics, and stress. The perceived user experience can be 

evaluated partially with questionnaires, such as HED/UT (see subsection 4.1.3.3) and in a more 

qualitative and substantial manner, from interviews with end-users who have completed a number 

of tasks on the system and therefore, have developed an opinion and an ‘experience’ with it. 

Modularity summarizes the fact that eWALL is a framework which allows for customization and 

on which different services can be plugged in and not a set of finite services.Modularity will be 

reflected on the interface possibly at “Settings” and at an application like an “App Market”, where 

the user can decide about the interaction with applications and acquire new ones. Therefore, 

evaluation of the modularity requirement means that when these services are ready, we are going to 

evaluate whether end-users understand the concept of the “App Market” and the “Settings”; how 

easy it is for the users to understand how to install or delete a new app and if they are able to 

customize an app to their needs. 

Adaptability is referring to the flexibility required to adjust eWALL’s services according to users’ 

cognitive and/or physical abilities and needs of the primary but also of the secondary users (the 

carers). This requirement will also be most likely realized through the “Settings”. For instance, 

adaptability could be implemented as two modes for the users “easy” and “advanced”. eWALL 

adaptability could first be fine-tuned by an expert review (with experts who are aware of the 

capabilities of the target users) and then evaluated with end-users with varying levels of cognitive 

impairments with a task-based approach. 

The user’s flow of actions should be highly respected. eWALL should be unobtrusive;the 

messages it delivers should be clear and prioritized, calling for a particular action and even 

facilitating it. They should only interrupt the personal flow of a user only when it is necessary and 

in this case they should be perceived with the severity/importance they deserve, not more or less. 

For example, a repeating loud beep sound as a reminder is acceptable if the user forgot the oven on, 

but not for a cognitive exercise reminder. The requirement will be evaluated by end-users which 

will be asked whether the notifications are annoying or useful and whether the attention they 

‘demand’ from them is justified.  
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eWALL should require the minimum possible input from the user. Our end-users are often frail 

and therefore, we should take care that we do not overwhelm the user, by asking her extensive input 

or interaction. The system should deliver value to the end-user with the minimum possible input 

from her side. This requirement will be mainly evaluated through a task-based approach where end-

users will be asked to interact with the system in various ways, and the nature of their errors along 

with their opinions for the system will allow us to assess whether users regard data input in eWALL 

as a burden with no value for them or as a pleasant process which brings them useful information. 

The requirement can also be evaluated during the small-scale validation, when we will collect data 

on the eWALL usage and then, we will be able to see whether users provide input and interact with 

the system and to what extent. 

Users should not only feel in control but also enjoy their interaction with the system; this way, they 

will be more willing to adhere to medical instructions and training schedules. The amount of 

reminders they (could) receive from eWALL, regarding their well-being, home and family could 

easily be overwhelming and demotivating. Consequently, eWALL should be designed with the 

goal to motivate the user. In other words, the user should wish to interact with the system 

consistently and perform activities that reinforce her well-being. This requires intuitive and 

aesthetically sound interfaces and some motivation/persuasion strategy inbuilt in the interaction 

with the user as well as prioritization to the messages, reminders and alerts presented to the users. 

The evaluation of this requirement will involve a task-based approach with end-users, including 

semi-structured interviews and the HED/UT questionnaire that is considered a valuable indicator of 

user experience. The fine-tuning of the persuasion and motivation techniques that will be 

“embedded” in the system will be performed by the consortium experts (who have knowledge of 

the end-users and of Human Computer Interaction). This aspect however should be thoroughly 

evaluated with longitudinal studies that can take place during the validation of the system, because 

it is important to investigate how the motivation of the user to perform certain wellbeing reinforcing 

activities recommended by eWALL fluctuates with time. 

Acceptance refers to the decision each user explicitly or implicitly makes to use the system or not. 

It is influenced by a number of factors, including user’s adoption of technology in general and his 

perceived usability anduser experience of the system. Insights into user acceptance can be acquired 

with the standardized questionnaire TAM3 (see subsection 4.1.3.2) and with the various other 

methodologies that will be utilized to assess other crucial factors for user acceptance 

(unobtrusiveness, usability, etc.) 

From all the evaluation and validation goals described above, motivating and empowering the end-

users to face their life and responsibilities (towards their health) instead of giving up and 

succumbing in their emotional and physical condition, is certainly the utmost goal of eWALL and 

thereby, constitutes the most important high-level goal to be validated. However, we can only 

assess the effectiveness of our system to empower and motivate end-users when the system has 

reached a relatively mature state and most of the other goals have been fulfilled.  For this reason, 

motivation and empowerment elicited by the use of the system as well as the user acceptance will 

be evaluated towards the end of the development, in the small- and large-scale validation studies.  

Goals that will be evaluated right from the first evaluation iteration are usability and user 

experience, as they can be improved throughout the development. 
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4 Evaluation 

The evaluation goes hand in hand with the development; small-scale evaluations will be performed 

every time on the interfaces which are ready. In the small-scale evaluations, the different 

application interfaces of eWALL will be assessed with a task-based approach; the participants will 

be requested to fulfil an exhaustive set of tasks (covering all the possible aspects) on each interface. 

The evaluation sessions should be kept shorter than two hours, in order not to overwhelm the 

participants. In case the evaluation of all interfaces requires more time, it is possible to split the 

participant group in two and assign to each group different applications to evaluate. 

Every small-scale evaluation should follow a design-development iteration which includes an 

expert review. Expert reviews performed by the user representatives in the consortium (RRD, AIT, 

IRCCS and AAU) ensure that the prototype interface has been approved internally and therefore has 

reached the level of maturity required in order to yield fruitful results from the evaluation with end-

users. 

The following section provides a description of the research methods that will be applied and an 

overview on the setup for the first small scale evaluation. 

4.1 Evaluation Toolbox 

The toolbox describes a set of methods widely used for the assessment of the interaction between an 

end-user and a system. The toolbox, as well as the present deliverable, is not concerned with 

technical validation and therefore, it is assumed that the prototype that will be evaluated is 

functional and relatively stable. 

4.1.1 A task-based approach 

One of the standard methodologies used in usability evaluations worldwide, is to ask a target user to 

complete a specific task on the interface [4]. The setup usually consists of a study facilitator, a 

participant, optionally some observers and video/audio recording equipment. The participant is 

usually requested to find the solution to the task without assistance and to think aloud, namely to 

communicate her thoughts on the interface, revealing her problem-solving process. The facilitator 

can encourage the participant to share her insights by asking questions. 

This is a basic setup that can take place in the lab and can be adapted according to the development 

stage of the prototype. At the first stages of the user-centered iterative process, the tasks created for 

the study represent the most common scenarios users will perform on the application and are tested 

on clickable mock-ups or paper [3]. At later stages, particular features that are being developed 

define the tasks that will be included in the study. Nowadays, there are many variations of the task-

based approach that allow even for remote studies with the help of specialized software tools. 

The task-based approach offers qualitative insights regarding user’s perception of the interface and 

the concept as well as quantitative metrics, when combined with standardized questionnaires and 

measurement of error rates, completion rates and task completion time. Task-based studies, 

conducted early on in the development of a product, can spur ideas, elicit changes and updates in 

the concept and the interface and drive the next iteration cycle of development. 

4.1.2 Wizard of Oz approach 

The wizard of Oz approach allows researchers to evaluate a system with functionalities not yet fully 

developed, by faking the interaction with them in front of the user or the evaluation participant. In 
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other words, the evaluation experiment is set up so that the user believes that the system is working 

properly, while an unseen person is generating a response to user’s request, similar to the response 

that the system would generate if it was fully functional. 

The reason Wizard of Oz approach is so powerful is that allows researchers and developers evaluate 

the end product they want to make at very early stages, when it is still easy to switch their direction. 

The Wizard of Oz experiment approach was first mentioned by J. F. Kelley [5]and since then has 

been extensively used in the fields of human computer interaction, usability engineering and human 

factors for the evaluation of various systems. 

4.1.3 Questionnaires 

4.1.3.1 UMUX 

The standardized questionnaire UMUX measures perceived usability and it is designed to produce 

scores similar to SUS, but using only a four items Likert scale [6]. UMUX has a general question 

(“This system is easy to use”) and three more questions from SUS associated with efficiency, 

effectiveness, and satisfaction, which had the highest correlation to the overall SUS score. The four 

UMUX items are: 

1. This system’s capabilities meet my requirements (effectiveness) 

2. Using this system is a frustrating experience (satisfaction) 

3. This system is easy to use. 

4. I have to spend too much time correcting things with this system (efficiency). 

For each item, participants indicate the response specifying their level of agreement or disagreement 

on a 7 levels agree-disagree scale. 

Considering eWALL’s end-users, UMUX is a great alternative to the SUS and other usability 

scales, as it is really short and it doesn’t overwhelm the user with ‘difficult’ questions, while it 

provides a reliable metric.  

4.1.3.2 TAM3 

The Technology Acceptance Model (TAM) was originally developed as an instrument to predict the 

likelihood of a new technology being adopted. The structure of TAM is determined by perceived 

usefulness, which is defined as the prospective user’s subjective probability that using a specific 

application system will increase one’s job’s performance and perceived ease of use, which refers to 

the degree to which the prospective user expects his interaction with the target system to be free of 

effort [7]. TAM has been widely used and gained reputation for successfully highlighting 

differences in user behaviour. The model was extended by Venkatesh and Davis in 2000 to include 

critical influence factors outside of perceived usefulness and perceived ease of use (TAM2). The 

TAM3 (Figure 2) is the latest model for technology acceptance and it is widely used to determine 

the adoption of information technology systems [8]. 
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Figure 2: The TAM3 model 

 

4.1.3.3 HED/UT 

The HED/UT questionnaire is a two-dimensional consumer attitude scale, consisting of 12 items 

measuring hedonic values and 12 measuring utilitarian values [9]. The HED/UT was initially 

designed for evaluating the consumer attitude towards products and for benchmarking between 

similar products of different brands. It was included in the Handbook of Marketing Scales [10], a 

book well received by marketing researchers. Since then, the scale was proven reliable in many 

product domains, among which interaction design and user experience. 

In eWALL, HED/UT questionnaire will allow us to assess the user experience already from the first 

small-scale evaluations. 
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4.1.4 Expert review 

Expert review is a usability evaluation technique that relies solely on usability experts. For this 

reason, it is resource and time-efficient, and according to Molich [12], its quality is comparable to 

the conventional usability tests with users. One of the most well-known methodologies for expert 

reviews is the heuristic inspection, a usability inspection method where the extent to which the 

interface is aligned with recognised interaction design principles (the “heuristics”) [11] is examined. 

The heuristics, which were developed by Nielsen and Molich in the 90’s, are the following: 

 Visibility of system status 

 Match between system and the real world 

 User control and freedom 

 Consistency and standards 

 Error prevention 

 Recognition rather than recall 

 Flexibility and efficiency of use 

 Aesthetic and minimalist design 

 Help users recognize, diagnose, and recover from errors 

 Help and documentation 

Although the heuristic evaluation is perhaps the most documented expert review methodology that 

exists, Molich in Comparative Usability Evaluation (CUE) study[13], found that in practice, 

usability experts apply many different techniques to assess an interface, ranging from task-, 

persona- or scenario- based approaches to benchmarking of competitive sites.[12] 

Although interpreting the term “usability experts” is ambiguous, in eWALL we will consider as 

such persons who have 3 or more years of experience with usability evaluations of web and mobile 

interfaces. The experts will be given no instructions regarding the evaluation methodology, but they 

will be asked to report the methodology they used. 

4.1.5 Participatory heuristic evaluation 

Participatory heuristic evaluation (PHE) is a participatory inspection technique that serves as an 

extension to heuristic evaluation defined by Nielsen. In PHE, experts in software engineering, 

usability or human factors do the inspection as in traditional heuristic evaluationFejl! 

Henvisningskilde ikke fundet.. However, work-domain experts are added as a group of users 

doing the same inspection. The purpose of extending the heuristic evaluation with these work-

domain expert inspectors is to complement the traditional inspectors’ more abstract knowledge with 

very specific knowledge about the work-domain. 

The execution of PHE does not differ from the execution of the expert review described above; of 

course with the exception that work-domain experts are added to the group of expert inspectors. In 

the evaluation of the eWALL system, the work-domain experts would be healthcare professionals 

(EG nurses and/or doctors). 
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4.2 First small-scale evaluation 

A first iteration of lab-based small-scale evaluations will be performed based on the GUI 

environment and services available in the M12 prototype. The following sections describe the M12 

prototype interfaces to be evaluated as well as the evaluation setup. 

4.2.1 Description of the prototype 

The main screen plays a central role in the eWALL home installation and supports the user 

interface, which enabled the primary user to operate and consume data provided by the eWALL 

system. The GUI was developed using rapid prototyping methods, with a substantial number of 

design and implementation interactions. For the first eWALL prototype, 3 design concepts were 

presented: the smart mirror, the smart picture and the circle (Figure 3, Figure 4, Figure 5). During 

the design iterations, the smart picture prototype was adopted by the consortium as it provided a 

simple canvas that can allow for customization, experimentation with GUIs and in general, a 

sustainable base for the development. 

 

Figure 3: The smart mirror main screen (initial proposal, also in D2.1). 
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Figure 4: The smart picture main screen. 

 

 

Figure 5: The circle main screen (alternative proposal). 

 
The smart picture interface is composed on top of the metaphor of a framed picture, or painting that 

integrates into the electronic wall and reacts to the primary user by proximity. The smart frame in 

passive mode displays minimal information about time and weather (Figure 6). When the user is 

close enough to the screen (distance less than 1.5 meters), the smart picture switches to its active 

mode and GUI elements are exposed (Figure 4).  

The primary elements are: 

 the main menu: contains groups of applications and feedback of the usage of the 

applications through colored background circles. 

 the permanent widgets: expose data of continuous and constant level of importance, 

produced and aggregated by service bricks. Widgets are reduced size display panels and do 

not require interaction. 
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 the notifications: are spontaneously triggered and vary in design, according to screen state 

and notification type. They usually require immediate attention and action from the user, 

therefore, they are designed to break any immersion in the current activity of the primary 

user. 

 the application windows: are standard and support the application content and application 

user interface. They are instantiated when the user launches applications by tapping on the 

application icons in the main menu. 

For the first small-scale evaluation, we aim to evaluate the usability and the user experience of the 

main screen prototype by designing specific tasks for the targeted end-users, most of which are 

described in the following section (see 4.2.2). 

The evaluation will adopt a Wizard-of-Oz approach, for the services and features of the system that 

are not fully developed. The participants will be using a dedicated interface partially supported by 

functional back-end, partially a simple click-dummy. 

 

Figure 6: eWALL main screen in passive mode. 

 

 

4.2.2 Use-case scenarios 

In this section, a number of use-case scenarios are provided that set the basis for the task-based 

evaluation of the different system components. The scenarios provided here are based on the ones 

provided in D2.2 (Initial scenarios and use cases) and are indicative of the scenarios that will be 

evaluated during the first small-scale evaluation. 

4.2.2.1 Start of interaction 

The interaction between eWALL and a user is triggered when the user reaches an ‘interaction 

proximity distance’ from the screen. We will evaluate the way in which the start of interaction is 

perceived by the participant. The following questions shall be answered through this test results: 

 Does the end-user understand why the screen switches from passive mode to active mode, 

when (s)he approached the screen? 

 Is the ‘interaction proximity distance’ comfortable for the end-user? 

Prior to enter the evaluation room, the participant is told that the primary eWALL screen is a touch 

screen. The participant enters the room; where the eWALL home installation is in passive mode. 
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The user is asked to slowly approach (walk towards) the screen until a comfortable distance for 

touch interaction. If the user passes the initially set trigger threshold, the screen will switch to the 

active mode. 

 

4.2.2.2 Active screen elements identification - the time widget 

This use-case scenario aims to give us insights on how the time widget from the main screen, when 

in passive mode and, later in active mode, is perceived by the end-users (the time widget is in 

Figure 7). Specifically we evaluate if the time widget is understood and whether the information it 

provides is sufficient for the test subject, at the moment of evaluation. The following questions shall 

be answered: 

 Does the user notice the time widget on screen? 

 Does the user understand the use of the time widget? 

The participant will be asked to identify the element displayed on screen that displays time and 

speak the current time, both in when the screen is in the passive and in the active mode. 

 

Figure 7: the time widget in passive mode 

 
After this, the user will be asked if they can identify any important information related to the time 

display that is missing, and/or if they will significantly change the current visual display of  time (if 

yes, in what way). 

 

4.2.2.3 Active screen elements identification - the weather widget 

This use-case scenario refers to the weather widget identification both in active and in passive mode 

(Figure 8). Weevaluate if the weather widget is understood and whether the information it provides 

is sufficient for the test subject, at the moment of evaluation. The following questions should be 

answered through this test results: 

 Does the user understand the information displayed by the weather widget? 

 Does the user find this information useful? 

The user will start at an initial position, behind the active mode triggering line, making the screen in 

passive mode. She will be asked to identify the element on screen that displays the weather and 

speak the current weather forecast (temperature and weather description).  
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Figure 8: the weather widget in passive mode. 

 
After this, she will be asked to slowly approach the screen, until she passes the active mode 

triggering threshold and is able to comfortably touch the screen. During this process the screen will 

switch from passive mode to active mode (Figure 9). This action is represented by animation on 

screen and each screen element will interpret this switch event and act according to its logic. 

The participant will be then asked to identify the element on the screen that displays the weather 

and the visual changes it performed.  

 

Figure 9: the weather widget in active mode. 

 
After this, the participant will be asked if they can identify any important information related to the 

weather that is missing and/or if they will significantly change the current visual display of time (if 

yes, in what way). 

 

4.2.2.4 The main menu 

In this use-case scenario, we evaluate if the end-user can seamlessly identify and understand the 

usage paradigm of the main menu, which is basically, a collection of buttons, grouped according to 

the intended use and purpose of the applications they launch.  

The following questions shall be answered through this evaluation: 

 Does the user see the main menu? 

 Does the user understand that the main menu acts on touch? 

 Does the user understand why the main menu is available only in active mode? 

 Does the user understand the current application grouping? 

 Does the user find this grouping correct? 

 Would the user re-arrange the application is different groups? 
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After exploring and discussing the main menu, theparticipant will be asked to touch the menu 

buttons one by one, enumerate the applications and state an initial idea of what their intended 

purpose is.  

 

Figure 10: the main menu. 

 

4.2.2.5 The daily physical activity monitoring application (DPAM) 

In this use-case scenario, we evaluate if the user can access, understand and use the daily physical 

activity application (Figure 11). The subject will have to complete the task:”See your physical 

activity data from yesterday”. The following questions shall be answered: 

 Can the user reach the DPAM application? 

 Does the user understand what the application is meant to do? 

User is in front of the screen, within comfortable interaction distance from the screen. She will tap 

first on the “Health” button from the main menu, which will expose the health related applications. 

The user will choose the daily physical activity application, by touching once the corresponding 

icon. The system will display the daily physical activity application in a window. 

 

Figure 11: The daily physical activity GUI. 

 

The participant will be asked if she can understand the timeline of past days, and the correlation 

between the color of each day box filing, and the level of filling. Furthermore, the user will be 

asked of she understands the upper part of the screen, where a detailed plot of the physical activity 

data is represented in detail (in 2 hours intervals). The user then has to switch between the 

measuring units: steps, kilometers, burned calories. 
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4.2.2.6 The daily functioning monitoring application (DFM) 

In this use-case scenario, we evaluate if the user can access, understand and use the daily 

functioning monitoring application (Figure 12). The subject will have to complete the following 

task:”See what you did yesterday”. The following questions shall be answered: 

 Can the user reach the DFM application? 

 Does the user understand what the application is meant to do? 

User is in front of the screen, within comfortable interaction distance from the screen. She will tap 

first on the “Health” button from the main menu, which will expose the health related applications. 

The user will chose the daily functioning monitoring application, by touching once the 

corresponding icon. The system will display the daily functioning monitoring in a window. 

 

 

Figure 12: The daily functioning monitoring GUI 

 

The user will be asked if she can understand the timeline of past days and that the selected day, by 

default, is the present day. Furthermore, the user will be asked if she understands the upper part of 

the screen, where a timeline with detailed data interpretation of the user’s activity throughout the 

day, separated in labeled episodes, e.g.: Cooking and eating - Duration 18 minutes. 

Additionally, she will be asked if she understands the method of navigating through the data by 

using the arrow buttons. 

 

4.2.2.7 The sleep application 

In this use-case scenario, we evaluate if the user can access, understand and use the sleep 

monitoring application (Figure 13). The subject will have to complete the task: ”See your sleep 

from last night”. The following questions should be answered through this test results: 

 Can the user reach the sleep application? 

 Does the user understand what the application is meant to do? 
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User is in front of the screen, within a comfortable interaction distance from the screen. She will tap 

first on the “Health” button from the main menu, which will expose the health related applications. 

The user will chose the sleep monitoring application, by touching once the corresponding icon. The 

initial state of the application requires from the user to rate her/his sleep from the last night, by 

adding 3 tags from a list of 18 possible tags. Also the user will have to rate the last night sleep 

quality through a 5 star rating. The application allows, on request, the user to read the machine-

generated summary of last night’s sleep.  

 

Figure 13: The first state of the sleep monitoring application. 

 

The second page of the sleep monitoring application shows a detailed visualization of the sleep 

cycles and sleep interruption from the total night sleep period (Figure 14). 

 

Figure 14: The second state of the sleep monitoring application. 
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The user will be asked if she can identify the difference between the sleep cycle and the sleep 

interruption.  

 

4.2.3 Participants 

The M12 prototype will be assembled in a lab environment and various end-users as well as 

informal caregivers and Human Computer Interaction experts will be invited to evaluate and 

provide feedback on basic setups, apps, services, notification messages and dialogue windows. 

Table 2contains the number and type of participants that will evaluate the M12 prototype. 

Table 2: Number and type of participants per country. 

 

1st small scale evaluation (between M13-15) 

 

number of 
participant
s 

Primary end-users secondary end-users  
Expert 
Reviewers 

 

In total MCI COPD 
Older, with 
age-related 
impairments 

Relatives, nurses, 
doctors 

HCI experts, eHealth 
experts 

Austria 10   10 

 

2 

Italy 

10    

5 (2 carers; 1 
Occupational 
Therapist; 2 
Physiotherapists) 

5 (1 Geriatrician; 1 
Bioengineer; 2 
Neurologists) 

Netherlands 5    
 

5 

Denmark 10    5 nurses 5 

 

4.2.4 Methodology 

As described in section 2.3, the small-scale evaluations are based on a task-based approach. The 

study participants will have to complete a set of specific tasks on the interface. Based on 

observations and additional quantitative measures, problems related to the usability will be 

identified. In addition this setup will allow gathering first insights on the overall perception of the 

services provided. 
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5 Validation 

5.1 Preparation for the validation 

Before starting the validation, and thereby involving patients, all functionalities of the eWALL 

system should be evaluated by older adults without severe impairments, caregivers of patients 

and/or usability and medical experts. The reason is that the system should be already of high quality 

and user-friendly before MCI and COPD patients are asked to evaluate the system, so that their 

cognitive effort during the evaluation is minimized. Moreover, the number of technical issues, 

heuristic errors and usability problems should have reached a satisfactory low level before 

involving the patients. 

The small-scale evaluation phase can include brief evaluation sessions of different functionalities – 

possibly a subset of them each time – with the goal to improve the User Interfaces as fast as 

possible. However, the system should be evaluated in complete form before the actual validation. 

Furthermore, before starting the validation, a full description of the eWALL system must be 

available. Such a description is needed for different reasons: 

 The ethical committee: In order to involve frail people in Denmark but possibly also in 

other trial sites, we ought to contact the ethics committee. The ethical committee should be 

contacted with a description of the project, the eWALL system and the planned evaluation 

protocols so that they can assess whether a profound protocol and ethical approval is 

necessary in order to move on with the validation. In Italy, the Ethical Committee must 

evaluate any experimental protocol including those studies that involve healthy volunteers. 

In our specific case, we use an instrumental device built-up by multiple devices. This 

implies that a complete and exhaustive set of documentation describing the devices 

(including CE marks) must be provided with the study protocol before the Ethical 

Committee can evaluate and approve the trial. Therefore, we must take into account the time 

that will be needed for the Ethical Committee approval, before any validation processes can 

be carried out.  

 Patient recruitment: clinical professionals who will help recruiting the patients need a very 

specific description of the eWALL system and an overview of the validation protocol in 

order to inform patients properly. 

 Patient information: proper patient information including a description of the eWALL 

system must be available before contacting the ethical committee and before starting the 

recruitment of patients. 

 Logbook: An exhaustive manual describing functionalities, setups, services, and modalities 

of use of the eWALL will be provided to the users. The logbook will also include a section 

in which the technicians responsible for the home setup will describe primary information 

about technical aspects of the installation (e.g. position in the home environment, sensors, 

etc), household composition, and any criticalities. A final diary section in which the end-

users can note down particular events or personal impressions completes the logbook. 

When all of the abovementioned is in place, the validation can begin. 
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5.2 Small-scale validation study 

The small-scale validation study will start immediately after optimization and finalization of the 

M19 prototype, and subsequently to the preparation for the validation phase. By M19 two 

prototypes for each recruiting centre will be available for use. The home-based intervention will last 

two months, therefore each clinical centre will be able to enroll 4 patients, for a total of 12 patients 

(6 COPD, 6 MCI). Clinical professionals will screen patients at the hospital site and eligible 

subjects will be invited to take part to the study. Technicians from each recruiting centre will 

assemble the fully working prototype at patients’ homes and will instruct patients and caregivers on 

the use of the eWALL setup at their homes. 

5.3 Validation toolbox 

Although this project aims at demonstrating the persuasive potential and the overall user acceptance 

of eWALL, we will attempt to assess clinical factors such as overall physical and psychological 

improvement of the patient, as we think that such information will be of great value for future 

research and for defining a more solid exploitation strategy for eWALL. 

Physical and psychological performances of each participant will be evaluated before and after the 

home based intervention. Clinical outcomes will be assessed by questionnaires self-administered or  

administered by clinical staff and by functional and instrumental exams. 

 

5.3.1 Questionnaires 

5.3.1.1 The Epworth Sleepiness Scale: 

ESS [15] is a validated questionnaire useful to measure daytime sleepiness , it is self-administered 

and it consists of 8 questions. The ESS asks people to rate, on a 4-point scale (0 – 3), their usual 

chances of dozing off or falling asleep in 8 different situations or activities. It has become the world 

standard method for assess sleepiness in sleep disorders research. Time of administration: 2 to 5 

minutes. 

 

5.3.1.2 ADL 

Index of Independence of Activities for Daily Living (ADLs; [16] ) assesses participant’s ability to 

perform activities of daily living independently. The functional status is evaluated on the 

performance in six functions: bathing, dressing, toileting, transferring, continence, and feeding. 

Participants or caregivers are asked to check yes/no for independence in each of the six functions. A 

score of 6 indicates full function, 4 indicates moderate impairment, and 2 or less indicates severe 

functional impairment. Time of administration: 2 to 5 minutes. 

 

5.3.1.3 iADL 

Instrumental Activities of Daily Living (IADLs; [17]) assesses independent living instrumental 

skills considered more complex than the basic activities of daily living as measured by the Katz 

Index of ADLs. There are 8 domains of function measured: ability to use telephone, shopping, food 

preparation, housekeeping, laundry, mode of transportation, responsibility for own medications, 

ability to handle finances. A score of 8 indicates high function (independent), a score of 0 indicates 

low function (dependent). Time of administration: 5 to 15 minutes. 
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5.3.1.4 FIM+FAM 

The Functional Independence Measure (FIM; [18]) scale assesses physical and cognitive disability 

focusing on the level of disability indicating the burden of caring. The scale includes 18 items, 13 of 

which are physical domains based on the Barthel Index and 5 are cognition items. Each item is 

scored from 1 to 7, where 1 indicates total dependence and 7 indicates complete independence. The 

score ranges from 18 to 126, with higher scores indicating more independence. Time of 

administration: 30 minutes. 

The Functional Assessment Measure (FAM; [19]) adds 12 items to FIM mainly covering cognition, 

community integration, emotional status, orientation, attention, reading and writing skills, and 

employability. 

 

5.3.1.5 CES-D 

Centre for Epidemiologic Studies Depression Scale (CES-D; [20]) tests depression and depressive 

disorder. The scale includes 14 items; for each of these, patients are asked to indicate how 

frequently they found themselves in the described condition. Possible range of scores is zero to 60. 

 

5.3.1.6 ZUNG 

The Zung Self-Rating Anxiety Scale (SAS; [21]) was developed to evaluate a patient's level of 

anxiety. It is a 20-item self-report assessment based on 4 domains: cognitive, autonomic, motor, and 

central nervous system symptoms. For each statement participant are asked to indicate how much it 

applies to him or her. Each question is scored on a 4 levels Likert scale, the total score ranges from 

20-80. 

 

5.3.1.7 HADS 

Hospital Anxiety and Depression Scale (HADS; [22]) is widely used to determine the levels of 

anxiety and depression experienced by a patient independently on conditions that are also common 

somatic symptoms of illness (tiredness, insomnia, hypersomnia). The scale includes 14 items, 7 of 

which are related to depression, 7 to anxiety, each item is scored from 0-3 so a patient can score 

between 0 and 21 for either anxiety or depression. 

 

5.3.1.8 SF36 

The Short Form (36) Health Survey (SF-36; [23]) is a short-form generic health survey, with 36 

questions to provide a measure of perceived quality of life. It is structured in 8 scales of functional 

health and well-being scores, psychometrically-based physical and mental health summary 

measures, and a preference-based health utility index. A picture is included below to show how the 

8 scales are combined to provide the two global mental and physical health components. 
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5.3.1.9 MoCA 

The Montreal Cognitive Assessment (MoCA; [24]) is a instrument for screening, diagnosis and 

tracking of mild cognitive impairment. The test assesses different cognitive domains: attention and 

concentration, executive functions, memory, language, visuo-constructional skills, conceptual 

thinking, calculations and orientation. The score ranges from 0 to 30 points. Time of administration: 

10 to 20 minutes. 

 

5.3.2 Instrumental exams 

5.3.2.1 6MWT 

The Six-Minute Walking Test (6MWT; [25]) is a performance-based measure of functional exercise 

capacity, originally developed for chronic respiratory disease and heart failure patients, and further 

extended to other populations. The test measures the distance an individual is able to walk over a 

total of six minutes on a hard, flat surface. This test may be used in conjunction with VO2 testing. 

Time of administration: 15 minutes or less. 

 

5.3.2.2 Modified Borg scale  

The Modified Borg Scale (BS; [26]) is a self-administered rating for assessing perceived dyspnoea 

during exercise. The scale ranges from 0 to 10, where 10 states the most severe shortness of breath. 

Time of administration: 2 minutes. 

 

5.3.2.3 Spirometry 

Spirometry is an instrumental test for the assessment of lung function. In particular, inhaled and 

exhaled air volume and air flow. Spirometry is used for assessing conditions such as asthma, 

pulmonary fibrosis, cystic fibrosis, and COPD. 
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5.4 Large-scale validation study (preliminary plan) 

The large scale validation study will involve four partners: RRD, AIT, IRCCS and AAU. Each 

partner will identify participants characterized by COPD or MCI from hospital clinical wards, 

home-caring institutions and patients’ organizations collaborating with the hospital wards. Each 

partner will appoint one coordinator who will be the interface among the clinician in charge, the 

scientific coordinator, technical staff, and all other partners of the Consortium. 

We envisage the enrolment of 40 to 45 participants, subdivided in 2 cohorts of COPD and MCI 

subjects. This will require the availability of 15 prototypes, 5 for each of the 3 recruiting sites. The 

home-intervention will last 2 months. It is expected that each partner will enroll 15 participants. 

This sample size will be tailored and refined on the basis of the number of available prototypes and 

on the small-scale demonstration outcomes. Likewise the small-scale demonstration, a week will be 

allowed for installation of the prototype at participants’ homes and for training of end-users. Once a 

home-intervention will be completed, the prototype will be dismounted and set-up for use by a new 

participant. Each recruiting site will screen participants, carefully checking inclusion/exclusion 

criteria and using the tools described in the evaluation and validation methodology sections. All 

tests and exams will be performed at the start of the home-intervention (Time 0); physical and 

psychological performances will be re-evaluated at the end of the home-intervention (Time 1). A 

group of volunteers with no active rehabilitation will be enrolled and assessed at Time 0 and Time 1 

(after 2 months) in order to compare their performances with those of subjects participating to the 

home-intervention. 

In case of adverse events, such as exacerbations, detected by the subject itself, the care-giver or a 

relative, the referent clinician will have to be promptly contacted. If an alert is detected by the 

system, a message will be immediately delivered to the referent clinician by the system itself. S/he 

will contact the participant and apply the appropriate protocol according to national and 

international guidelines. All adverse events will be registered on the logbook, on specifically 

designed modules, and immediately reported and sent to Ethical Committees. 
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6 Conclusions 

In this deliverable, we drew an evaluation and validation roadmap, illustrated the goals we aim for 

the evaluation and validation of eWALL –both what we want to achieve and thus, also to prove –  

and we provided a set of methodologies and metrics to be used during the evaluation and validation. 

Moreover, we highlighted the prerequisites for the validation. 

This deliverable will serve as a basis to kickstart the small-scale evaluations processes which start 

right after the submission of this deliverable. We will soon construct a protocol for the first small-

scale evaluation by selecting the most appropriate metrics from the toolbox and the M12 use-case 

scenarios.  The following small-scale evaluations and the validation planning will be based on the 

results and the experience collected in the first one and from the updates on the prototypes. 
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