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resumo 

 

 

O presente trabalho propõe a exploração de novas abordagens para o desenvolvimento 

de tecnologia para população sénior. Desenvolver tecnologia para esta faixa da 

população portuguesa, que se encontra atualmente em crescimento, devido a vários 

fatores que têm vindo a aumentar a esperança média de vida nas sociedades modernas, 

requer especial atenção uma vez que este indivíduos possuem certas limitações físicas e 

cognitvas. 

 

Neste trabalho, inserido no projeto +TV4E, explora-se a possibilidade de incorporar 

uma biblioteca de vídeos na plataforma já existente, assim como  numa aplicação 

móvel, por forma a complementar a experiência de envio de informação a seniores. 

Procura-se comparar ambas as abordagens, de modo a compreender qual a melhor 

opção para o público-alvo em questão. 
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abstract 

 

The present work proposes the exploration of new approaches for the development of 

technology for senior population. Developing technology for this growing segment of 

the Portuguese population, due to various factors that have increased the average life 

expectancy in modern societies, requires special attention since these individuals have 

certain physical and cognitive limitations. 

 

This work, inserted in the project +TV4E, explores the possibility of incorporating a 

video library in the existing platform, as well as in a mobile application, to complement 

the experience of sending information to seniors. We try to compare both approaches in 

order to understand which is the best option for the target audience. 
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1. Introduction 

The fact that the population is becoming increasingly older can be considered one of the 

greatest achievements in human history. However, this phenomenon led to the inversion of the 

ageing pyramid which is rapidly approaching a cylindrical shape. Ageing cause physical, 

psychological and social changes that can result in several problems (Schneider & Irigaray, 

2008)(Schroots & Birren, 1980), which require our societies to adapt to accommodate this 

population. Avoiding the nefarious effects of ageing, namely, isolation, loneliness, the 

dependency of caretakers, are currently huge issues that need to be addressed to promote a 

better quality of life to these individuals so that ageing is seen from the perspective of “adding 

quality years to life".  

In this regard, technology can play an important role in improving senior’s well-being. Over 

the last decades the so-called “gerontechnologies” emerged as a response to this need and aim 

to fulfil the needs of seniors as well as their caretakers. It remains important to further study 

these technologies and to find new ways to serve this population through features such as 

remote help, support of services that promote social interaction or provision of medical 

information. 

1.1 Problem Contextualization 

Today almost all developed countries are facing an inversion of the ageing pyramid with an 

evident grow of the number of elderly populations. This trend has become increasingly visible 

over the last decades and can be explained by the decrease in the fertility rates and by the fact 

that people tend to live longer. This happens mainly due to an improvement in healthcare, as 

well as living conditions and sanitation (He, Goodkind, & Kowal, 2016). Currently the world’s 

senior population (people with 60 years old or over) reached 962 million in 2017, which 

represents 13% of the total population and by 2030 this number is expected to grow up to 1.4 
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billion worldwide. This phenomenon presents new challenges in multiple aspects of societies 

such academic and governmental.  

In Portugal it is possible to observe and verify the same tendencies as the rest of the world, the 

population is getting older and thus the ageing pyramid is being inverted. Projections indicate 

that the population aged under 15 will decline from 1.5 million to 0.9 million and the senior 

population will increase from 2.1 million to 2.8 million. This will greatly affect the ageing 

ratio, which would make it rise to more than double, going from 147 to 317 seniors per 100 

young people (Instituto Nacional de Estatística, 2017). 

Facing this phenomenon, it’s important to study and understand how to improve today’s 

seniors’ lifestyle in a society that is constantly evolving in terms of technology in order to meet 

their exact needs. This trend has led to the development of the so-called gerontechnologies 

which consist in technology specifically developed to promote senior’s quality of life by raising 

their sense of belonging to a community, extending their social networks and improving their 

general well-being and literacy levels (Silva et al., 2016a).  

One of the possible ways to fulfil the needs and expectations of the elderly is related to the 

possibilities that technological solutions provide. However, in order for technological solutions 

to be useful, they must consider the ageing characteristics during their development process.  

Remaining informed is a fundamental part of staying active and participating in today’s society, 

which is increasingly becoming much more dependent on having fast and easy access to 

information. This statement has been supported by the technological revolution over the last 

decades. Having the ability to obtain information provides individuals with the required 

knowledge needed to make informed decisions (Silva, Caravau, & Campelo, 2017a).  

However, as people grow older their capabilities to acquire and process information are 

affected due to the ageing process, which then directly influences their quality of life. Seniors 
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are especially at a disadvantage when it comes to accessing information since it is dispersed 

across various mediums. Especially when it is only available on the internet, it becomes a huge 

problem since it requires the certain level of digital literacy from the individual. Not being able 

to access information about public and social services influences not only the quality of life of 

these individuals but also of those who are close to them, namely their family and caretakers. 

The project +TV4E: Interactive Television as a support to information broadcast about social 

services for seniors, which will be explained in further detail later, was developed as a response 

to these needs identified amongst Portuguese seniors, it aims to deliver information regarding 

public and social services via an interactive television (iTV) platform (Silva, Caravau, & 

Campelo, 2017b), by interleaving the normal broad-cast with informative spots related to 

public and social services accordingly to the user’s profile. This medium was chosen due to the 

high amount of television consumption habits observed in Portuguese seniors and to the fact 

that the television is the most commonly used audio-visual media platform.  

This research intends to complement the +TV4E project by exploring ways to expand on this 

concept and therefore make it richer as well as a better solution to deliver information to 

Portuguese seniors. 

1.2 Research Question 

In order to work efficiently, it is paramount that the researcher knows the question that can 

guide their research project. It is important to define research question early so that he can 

define a path for its the research and guide the whole process. The researcher should be able 

clearly to state what it wants to learn, enlighten or understand better (R Quivy & Campenhoudt, 

1998a). 

According to Quivy and Campenhoudt (R Quivy & Campenhoudt, 1998b), the research 

question should be realistic, concise, precise, unequivocal and true. By meeting these 
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requirements, the research question provides plenty of information regarding the focal point of 

the study, the approach and the correlation between its key concepts (O’Leary, 2004). Each 

one of these attributes play an important role in the defining a good research question. 

After taking into consideration all these aspects and in order to answer to all the criteria 

stipulated by Quivy and Campenhoudt (R Quivy & Campenhoudt, 1998b) the research question 

of this study goes as follow: 

Does a cross-platform (mobile and iTV) media library complement an iTV application destined 

to deliver informative content about public and social services to seniors? 

A good research question should make explicit the area of research and the project objective, 

making it clear what is intended to be discovered or understood in a better manner.  

This research question proposes to find out appropriate complements for the +TV4E iTV 

platform aiming to improve the way information regarding public and social services is 

delivered to Portuguese seniors, therefore expanding and better suited for their specific needs. 

These complements would consist in technological solutions based on the current system 

architecture of the project, currently being developed in web-based technologies namely 

ReactJS (“React – A JavaScript library for building user interfaces,” n.d.) and Laravel 

(“Laravel - The PHP Framework For Web Artisans,” n.d.) and in native solutions, specifically 

in Java. The results of the research project will then be developed and implemented in the final 

solution of the +TV4E platform. 

1.3 Research Objectives 

The +TV4E platform is being developed with the main objective of promoting senior’s quality 

of life, specifically by addressing two areas that suffer greatly from the ageing process: their 

autonomy and independence. This project follows this same principle and its objective consists 

in augmenting the current solution by proving alternate ways to access the informative content 
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provided by the iTV platform. This platform automatically produces informative videos based 

on various internet news outlets and delivers these videos directly to the user’s television. This 

solution, although very effective in providing information to seniors, is currently lacking in 

terms of giving seniors some degree of control over the content they watch via the platform. 

Currently, as the senior using the iTV application watches TV he receives informative videos 

every 30 minutes and can choose either to ignore them or to view them by pressing the ‘OK’ 

button on the remote control, however aside from this choice the user cannot further interact 

with the platform.  

The main objective of this project is the following: 

• Research and develop new ways, such as media library as well as a mobile application, 

for senior users to interact with the +TV4E platform and integrate them into the current 

solution. 

The results expected from this objective aim to target the following specific goals: 

• Investigate new ways for the senior to further interact with the iTV application; 

• Explore which options should be given to the senior, such as re-watching videos or 

asking to see videos on-demand; 

• Identify new ways for the senior to interact with the platform beside the traditional 

television remote; 

• Determine which development technologies should be used to implement these 

solutions; 

• Develop and evaluate proposals with seniors; 

• Study the potential benefits of increasing the amount of control the end user has over 

the platform. 

1.4 Integration with the +TV4E project 

The present research is not a stand-alone effort but rather a small part of a larger on-going 

+TV4E project. This project is being developed at the University of Aveiro and as stated 
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previously its main objective is delivering information regarding public and social services to 

Portuguese seniors via the television.  

The idea for this project emerged from the observation of the fact that Portuguese elders did 

not have a way to access updated information related to public and social services since it was 

mostly scattered in various governmental websites. Since this population is not educated in the 

new information technologies, they do not possess the required skills to access this information 

and therefore were put at a disadvantaged position where they depended on their caretakers to 

stay informed on these topics.  

To work around this problem the television was identified as the adequate medium to convey 

this information since it's used is so widespread in this population. So, the solution involved 

gathering information from the internet and then use it to automatically generate informative 

videos which are then injected into the regular broadcast while the senior watched television. 

This approach is very minimalistic for the user, but it was designed in this manner purposely 

to avoid seniors from feeling overwhelmed while using the iTV application. However, although 

many potential users of this platform would be satisfied with this simple approach others would 

prefer having a higher degree of control over the system as well as additional ways to 

experience the informative videos.  

With this in mind, this research integrates the +TV4E project to explore the best way to achieve 

a solution for these types of users who would want more from the platform. During the course 

of this dissertation, two solutions where designed, developed and tested to be fully integrated 

in the +TV4E platform, a video library and a mobile application. The video library was 

incorporated in the already existing iTV platform; however, the mobile application was 

developed as a stand-alone application to be used in tandem with the platform. 
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1.6 Structure of the document 

This dissertation is divided into six chapters explained each one of the steps on the research 

process. 

Chapter 1: Introduction, here it’s presented the contextualization of the problem, as well as 

the research question and objectives, moreover it is explained how this research is related to 

the larger +TV4E project and finally the list of the publications produced during the course of 

this project is listed. 

Chapter 2: Theoretical Framework, this chapter presents the overarching concepts in which 

this research is based on, namely the global ageing phenomenon and all the biological, 

psychological and social effects that it’s causing in today’s society and individuals. 

Furthermore, the concept of Active Ageing is explored as a way to allow senior citizens to 

remain healthy and active for longer. Then, the method of User Centred Design is explained as 

the chosen methodology to develop technology for senior citizens and the data collection 

methods used through the research are detailed. 

Chapter 3: +TV4E Project, in this chapter the +TV4E project is explained in further detail 

after being introduced in chapter 1, going over the its main objectives and how each of its 

components work. 

Chapter 4: Video Library, this chapter explains the entire process of creating the video library 

which was integrated in the iTV application. The process consisted in the development of three 

functional prototypes which were then tested by a small sample of users to ascertain the best 

one. After choosing one of the prototypes, this prototype was improved upon using users’ 

recommendations and was tested once again by a larger sample of users alongside the entire 

+TV4E platform during field trials. 
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Chapter 5: Mobile Application, this chapter details the development process of the mobile 

application, which followed a similar method to the video library. It started with the 

development of an initial prototype which was tested in a controlled environment by a small 

sample of users, followed these test the application was improved following the users 

suggestions and finally the mobile application was tested by a larger sample alongside the 

+TV4E platform during field trials. 

Chapter 6: Conclusions and Future Work, this finally chapter presents the conclusions and 

suggests some future work that could be done to improve upon this research. 
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2. Theoretical Framework 

Getting older is an inevitable occurrence for every living being and in time every individual 

needs to face the physiological and psychological changes that come along with it. Nearly every 

country is being confronted with the fact that their population is getting older due to the 

increased longevity of adults (Rosenberg, Ross, & Garçon, 2013) and although the increased 

life expectancy should be viewed as an achievement to mankind’s progress this is causing one 

of the greatest challenges to modern society. The sudden rise of the senior population affects 

almost all sectors of society, namely labour and financial markets, goods and services, housing, 

transportation and social protection (United Nations, 2015) which can become a “burden” both 

to this ageing group and to those around them. Therefore, going forwards the study and 

understanding of this process has become an important part of our future as a species which 

emphasizes the need to develop new strategies and policies to accommodate this nowadays 

population, without compromising their quality of life. 

2.1 The Ageing Process 

It is important to start an investigation by clearly defining the target demographic, this enables 

the researchers to have a strong understanding of their objectives. This study aims to develop 

technological solutions to improve the well-being of the senior population, therefore it is 

crucial to define what constitutes as a senior to better understand their characteristics, needs 

and limitations, as well as the ageing process since it happens differently to every individual. 

There are no universal criteria in respect the specific age in which an individual is considered 

a senior. According to the United Nations and the World Health Organization, a person is 

considered a senior at the age of 60 (United Nations, 2011) (Higo & Khan, 2014), however, in 

Portugal, only individuals aged over 65 years are considered seniors (Instituto Nacional de 

Estatística, 2002). 
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Several authors assume heterogeneity as a strong characteristic, both for the ageing process 

and the senior population. This means that despite establishing an age to mark the onset of 

ageing, ageing is a continuous and progressive process that occurs differently to everyone, 

therefore the changes in the biological and psychological factors that do not happen in the same 

way to all individuals (Fechine & Trompieri, 2015) (Pereira, 2013). The same perspective can 

be applied to the seniors themselves, as they show diversity in their social and cultural 

behaviours, making it an audience difficult to categorize (Silva, Abreu, & Pacheco, 2013). 

According to the literature consulted, it is important to consider the variability observed in the 

senior population given that not all individuals age in the same way. 

According to Teixeira et al. (Teixeira, Queirós, & Rocha, 2013), ageing can fundamentally be 

divided into three components: biological, psychological and social. Each one of these 

components and the problems that come associated with them will be described below. 

2.1.1 Biological Ageing 

Biological ageing, also known as senescence, was defined by Birren and Zarit (as cited by 

Figueiredo (Figueiredo, 2007)) as a process of changes in the organism that lead to a reduction 

in biological capabilities of self-regulation, repair and adaptation to environmental changes 

that, over time, reduce the individual’s chances of survival. This process produces various 

changes and according to Cruz (as cited by Figueiredo (Figueiredo, 2007)) comes associated 

with the following factors: 

• Increased mortality; 

• Changes in the chemical composition of the organism; 

• Morphological and functional deterioration; 

• Decreased ability to respond to environmental requirements; 

• Increased vulnerability to diseases. 
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The ageing process highlights changes of two types, functional and structural.  

Structural changes influence five distinct areas of the organism, according to Berger and 

Mailloux-Poirier (as cited by Figueiredo (Figueiredo, 2007)). These areas are: 

• Cells and tissues;  

• Overall composition and body weight;  

• Muscles, bones and joints;  

• The skin and subcutaneous tissue;  

• Integuments, the outer layer of the human body.  

Functional changes relate to organic systems and biological rhythms, which are composed of 

the following systems:  

• Cardiovascular;  

• Respiratory;  

• Renal and urinary;  

• Gastrointestinal;  

• Nervous and sensory;  

• Endocrine and metabolic;  

• Reproductive;  

• Immune system;  

• Biological rhythms and sleep. 

2.1.2 Psychological and Cognitive Ageing 

According to Figueiredo (Figueiredo, 2007), there are two important areas of study regarding 

ageing psychology, which is personality and cognitive functions, of which intelligence, 

memory, learning and personality have been studied in more depth. As stated by Spar & La 

Rue (as cited by Figueiredo (Figueiredo, 2007)) ageing leads to a large decline in areas like 
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perceptive-motor skills, secondary memory, topographic sense orientation as well as in the 

speed in the process of thought and reaction. 

Intellectual ageing, or decline of intelligence, designates the intellectual processes that are 

crucial to solving everyday problems, although according to Willis (as cited by Figueiredo 

(Figueiredo, 2007)) there are other factors that play a major role in this process, namely the 

physical and social context, motivations, beliefs and emotions.  

Even though there is not a consensus as to what leads to the deterioration of mental capabilities, 

the authors Montorio & Izal, Belsy, Marchand, Schaie & Willis, Spar & La Rue (as cited by 

Figueiredo (Figueiredo, 2007)) state the existence of three cognitive aspects that expose some 

problems that come naturally with age, which are the reduction of information processing 

speed, operating memory deficit and the decrease in visual and auditory acuity. 

Memory loss, although being associated with diseases such as Alzheimer's, results from a 

natural process of ageing. It is known today that not all types of memory (sensory, short and 

long-term) are affected in the same way. On the one hand, short-term memory in the working 

component is negatively affected, this component of short-term memory works on the retention 

of information and its used in the moment making a decision or solving problems. On the other 

hand, long-term memory is based on different systems, which are affected differently, but the 

tasks of episodic memory, related to events in everyday life such remember what meals were 

eaten yesterday or if the senior took their medication, are the ones that suffer the most over the 

years.  

However, research was done by Simões in the field of learning (as cited by Figueiredo 

(Figueiredo, 2007)) points to the fact that non-cognitive factors, such as motivation, play an 

important role in this process. Thus, creating an adequate environment, with proper learning 

conditions, must be considered when evaluating usability and user experience with seniors. 
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2.1.3 Social Ageing 

The last component of ageing is the social one, it is shaped by norms as well as behavioural 

and attitudinal changes associated with getting older, which are imposed by society and 

determines both the lifestyle and the interactions between individuals (Queirós & Rocha, 

2013). 

Ageing introduces changes in an individual’s role in society, at the same time the senior loses 

some social roles, but he also acquires new family and community roles. These new 

circumstances may require some time getting used to but should be looked at new opportunities 

instead of limitations caused by age.  

Professional roles are usually lost when the senior decides to or needs to retire, at this point he 

loses responsibilities, opportunities to maintain social contact with his co-workers and some of 

his income. These changes make the senior lose their sense of purpose and inflict him with a 

sense of uselessness, however, studies conducted by Schaie and Willis (as cited by Figueiredo 

(Figueiredo, 2007)) verify that this phenomenon does not negatively affect the health of the 

retired. 

The senior’s role in the family also changes, since usually, the family structure is constantly 

changing, either by the addition of new members or by the loss of them. Depending on the 

family, these changes create new responsibilities for the senior, where he can assume a guiding 

role or take part in taking care and raising the new generations. 

Overall, when a person reaches the final stages of life, a new set of challenges arise that require 

the individual to adapt to new circumstances. The loss of social roles, the reduction of social 

networks, death, diseases and depending on others are all example of challenges that need to 

be faced with the aim of finding new strategies that guide the integration and adaptation of 

seniors in society. 
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2.2 Ageing in Portugal 

Portugal is a country that also faces this reality where the population as whole is getting older, 

between 2001 and 2011 the percentage of Portuguese elderly increased from 16 to 19%. The 

ageing index refers to the number of elders per 100 persons younger than 15 years old in a 

specific population. In Portugal this index went in only 10 years from 102 to 128, which means 

that for every 100 young people there were 128 elderly people (Instituto Nacional de 

Estatística, 2014).  According to PORDATA Institute reports (PORDATA, 2016), in 2015 the 

number of Portuguese inhabitants aged 65 has surpassed the number of children and 

adolescents, defined as individuals who are 19 years old or younger, which places Portugal as 

one of the most advanced countries in the society ageing process in Europe. Furthermore, even 

when taking into account the most optimistic projections, which consider high levels of fertility 

and low levels of mortality and migration indicate that in 2060 the number of seniors in 

Portugal will be around 2.7 million, leading the population ageing index to 287 (Instituto 

Nacional de Estatística, 2014). 

2.3 Active Ageing 

The term active ageing was adopted in 2002 by the World Health Organization. It advocates 

that in order for older people to maintain a good quality of life, a lengthier lifespan must be 

accompanied by continuous opportunities in health, security and participation. These are three 

concepts are defined as the pillars of what constitutes active ageing (Walker, 2002). 

This concept leads people to fully "realize their potential for physical, social, and mental well-

being throughout the life course and to participate in society according to their needs, desires 

and capacities while providing them with adequate protection, security and care when they 

require assistance" (Kalache & Gatti, 2002). 
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Active ageing allows people to keep their sense of purpose and belonging after they are retired, 

disabled or incapacitated, encouraging them to play an active role in their respective families, 

communities and social groups. This approach followed by the World Health Organization has 

based the recognition of senior’s human rights and the principles of independence, 

participation, dignity, care and self-realization defined by the United Nations. 

This is a pioneer concept when it comes to the recognition of the ageing population as an 

important global phenomenon, it encourages people to work for longer and to retire later or by 

engaging in volunteer work after retirement, thus maintaining healthy and independent lives. 

Technology can play an important role in active ageing since they have significant potential to 

enhance the quality of life of many seniors by providing safety and security while also 

supporting mobility, independent living, and social participation. 

2.3.1 Seniors and Information 

Information and the ability to readily being able to access it is a key part of living in today’s 

society, having the capability to obtain relevant information can help an individual when 

making choices since it provides him with the knowledge required to support informed 

decisions. This fact only becomes increasingly important as one gets older since, as a result of 

the ageing process, the capacity of acquiring and processing information diminishes. 

According to recent reports (Banco de Portugal, 2016) (Espanha, Mendes, & Fernandes, 2016), 

Portuguese seniors possess low literacy levels in areas of very high importance to them, namely 

health care and finances, which in turn leads them to not having information regarding 

medication discounts, medical appointments or welfares. For example, according to the 

Portuguese Minister of Labour, thousands of Portuguese seniors who have lower than average 

incomes may be able to access the Solidarity Supplement for the Elderly, however, they do not 
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benefit from this monthly financial support provided by the state due to not knowing of its 

existence (RTP Notícias, 2016).  

Fundamentally, seniors are clearly at a disadvantaged position due to not knowing which 

benefits are available to them and this lack of information directly influences their quality of 

life and of those around them. To fight this reality the Governments are making investments to 

promote services that provide remote assistance or medical supplies, but their level of success 

is still very low. A possible reason for this is the fact that seniors are required to request such 

services, which in turn is not possible if they are not aware of their existence in the first place. 

The standard system can be defined as a “pull-oriented” approach, where the user is required 

to act to get information. Therefore, a different way based on the information being delivered 

directly to users, a “push-oriented” approach, can be beneficial to the senior population. 

2.3.2 Seniors and Technologies 

Technologies can provide the senior population with many benefits, helping them in 

maintaining a higher quality of life for longer. Over time several innovative technologies have 

emerged in the fields of medicine, robotics, assisted living mediated by sensors (Reis, Caravau, 

Silva, & Almeida, 2017b). However, developing technologies for seniors can become a tricky 

process because ultimately their adoption relies on the senior’s capacity to understand and 

adapt to them. It is important to never forget that this audience has low levels of digital literacy 

and therefore is less prepared to handle complex digital tasks, so these technologies need to be 

adapted to seniors instead of forcing seniors to adapt to them. 

As previously mentioned, the ageing phenomenon gave origin to a new term to define these 

specific technologies that are developed to cater to senior’s needs, the “gerontechnologies”. 

The term comes from the contraction of the term’s “gerontology” and “technology” and its 
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defined by the study of technology and ageing to improve senior’s day-to-day lives, promoting 

better health, social participation and autonomous living. 

There are five ways that technology can potentially improve senior’s lives, as defined by 

Harrington and Harrington (Harrington & Harrington, 2000), which consist of the following:  

• Technology can play an important role to prevent age-related diseases; 

• Gerontechnology can enhance the performance and opportunities of older people in 

new roles; 

• Gerontechnology can compensate the declining capacities; 

• Technologies provide technical support to assist caregivers; 

• Technologies aids older people indirectly by improving research on ageing.  

However, in order for technologies to have a positive and long-lasting effect on this population, 

they are required to be developed while taking into account all the limitations that come with 

old age. Regarding this process of developing technologies for a senior audience, according to 

Masahito Kawamori points out six key factors to keep in mind when designing eHealth for 

seniors: ease of use and simplicity; security; credible information with assured quality; low 

stress adoption and initial use; little training for use and maintenance; and seamless integration 

into daily life (Rosenberg et al., 2013). Despite of these guidelines being defined with eHealth 

in mind, they can also serve as guidelines in other areas and aid in the development of 

gerontechnologies in general.  

Currently, several examples exist of projects developed as gerontechnologies, targeting the 

improvements in assisted living and senior’s quality of life such as Giraffplus (Coradeschi et 

al., 2013) or the TITI Project (“(No Title),” n.d.). 

Giraffplus is a project focused on the development of a system that promotes seniors living 

conditions, so they can live independently by offering flexible support to certain services, 



24 

 

acting as a preventive medicine system. It works by installing several sensors in the user and 

on its’s home which monitor all his activities throughout the day, the data gathered by these 

sensors can be used to assert the senior’s condition, for example, it can detect that the user has 

fallen and needs help or measure his blood pressure. 

On the other hand, the TITI Project consists in a proposal to integrate seniors in today’s 

information society, promoting active ageing through the acquisition of the required skills to 

use the Information and Communication Technologies (ICT) which would allow them to more 

easily stay in touch with their family and friends. 

More specifically in the scope of iTV, there are three projects that should be highlighted since 

they are also related to health-care services. The first of these projects is Med-Reminder 

(Stojmenova, Debevc, Zebec, & Imperl, 2013) which is in a tool that notifies users about which 

medicines they need to take when they are required to do so and also allows them to make 

emergency calls to health-care professionals.  

The second one, VitalMind (Miotto, Lessiter, & Freeman, 2009) is an example of employing 

technologies to promote physical and cognitive activity in seniors. This project is composed by 

three interactive television applications designed to engage and be accessible to seniors who 

are not accustomed to computer technologies. It aims to prolong personal autonomy of their 

users and thus to promote their active participation in society.  

Finally, iNeighbourTV (Abreu & Almeida, 2012) is a project within the concept of SocialTV, 

which is the union of television and social media, that includes most of the functionalities of 

the Giraffplus project, such as allowing the user to make emergency phone calls and reminding 

the user of his medication schedule. However, it expands on this concept by also allowing the 

user to organize his medical appointments, send messages via SMS, make phones calls and 

most importantly to create a social network composed of his friends and neighbours which 
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allows the sharing of this information across the community and therefore promotes the sense 

of community. 

2.4 User Centred Design 

Academic literature and the experience gained daily reveals the importance of a developing 

process concerning innovative responses for elderly population to be carried out with the 

participation of target users. Neglecting this development approach may cause consequences 

in the technology acceptance, and more important, the solutions developed may not have a 

positive consequence in peoples’ lives.  

User Centred Design (UCD) is “approach to systems design and development that aims to make 

interactive systems more usable by focusing on the use of the system and applying human 

factors/ergonomics and usability knowledge and techniques” (Abras, Maloney-Krichmar, & 

Preece, 2004). 

By following this design process, it is possible to identify the needs, wants and limitations of 

the final users of a product or service, since the process is based upon a clear understanding of 

users, tasks and environments. Essentially, the main drive of this designing philosophy is the 

user itself, everything revolves around addressing its needs. To achieve this, the UCD involves 

a multistage process where the final users are actively soughing for their contributions and 

opinions during all stages of development.  

According to Gregor et al (Gregor, Newell, & Zajicek, 2002), seniors are different from the 

young by having different “functionality, needs, and wants differ from the young even though 

they consider themselves as fit, but many often have several physical problems with a general 

reduction in functionalities”. 
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Only by using this approach with the senior population it is possible to account for all the 

physical and cognitive limitations associated with older people and develop a final product that 

seniors would use in their everyday lives. 

Over time there have been emerged several innovations in medicine, assistive devices, robotics, 

sensor systems, e-Health and mobile-Health, as well as strategies for health systems and social 

support (Rosenberg et al., 2013). 

In 2006, Hawthorn (Hawthorn, 2006) highlights in his investigation “Designing Effective 

Interfaces for Older Users”, that despite his users having ages between 65 and 85 years old, 

their numeric age was somewhat insignificant. The most important factor was the manifestation 

of the effects caused by ageing, such as loss of vision and memory, as well as the decrease in 

learning speed. 

Most digital interfaces were not designed taking into consideration the sensory, physical and 

cognitive constraints of seniors (Gregor et al., 2002)(Pereira, Jorge, & Alvelo, 2013). Loss of 

hearing and visual acuity, for example, are factors that need to be considered when developing 

software for seniors. Reis et al (Reis, Caravau, Silva, & Almeida, 2017a) provide a good basis 

for this study by proposing guidelines to ensure high levels of usability among senior users. 

The loss of vision causes seniors to have difficulty in focusing at short distances, distinguishing 

small details, discriminating chromatic differences and reading moving text. Additionally, it 

lowers their adaptability to lighting, makes them more susceptible to brightness and requires 

them to have more luminosity when performing tasks such as reading. To work around all these 

visual impairments there are various solutions that ensure that the software has good visibility. 

The guidelines suggest that the onscreen text should be at least 40pts, the fonts should not have 

serifs, italic or other decorative elements, the text should be aligned to the left, the spacing 
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between lines needs to guarantee fluidity and readability and there should be high contrast 

between the background and the text. 

Regarding iconography, icons should be easily distinguishable, avoid the use of abstract 

concepts or any current graphical conventions associated with the ICT and most importantly, 

as a failsafe, be composed of a combination of text plus an image, where the text helps reinforce 

the meaning of the icon. 

The colours are also another important aspect to consider and should be chosen carefully to 

account for the limited colours spectrum of seniors and the fact that colours never look alike in 

different screens. 

Physical challenges to using technology, sceptical attitudes regarding the benefits of 

technology, complex security settings and even the complexity of basic online services related 

with social security, finances, or health services emerge as potentially dissuasion factors for 

the use of ICT by seniors. To some extent, this situation may contribute to the seniors’ info 

exclusion (Verona, Cunha, Pimenta, & Buriti, 2006). When working on strategies designed to 

promote the access of information by seniors, it is important to understand them and be aware 

of their information consumption habits. 

2.5 Data Collection Methods 

Gathering information is a vital part of any study, only by collection results can the researcher 

evaluate the effectiveness of the solutions developed to answer the research question. However, 

before collecting data, it is important to choose the most appropriate methods that can provide 

the best results since inaccurate data can compromise the results of the study and even lead to 

invalid results. 

Usually, data is collected through qualitative and quantitative methods (Hawe, Degeling, & 

Hall, 1990). On one hand, quantitative data collection methods rely on random sampling and 
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structured data collection instruments and produce data can be analysed with mathematical 

calculations. Quantitative methods include questionnaires with closed-ended questions, 

methods of correlation and regression, mean, mode and median. These tend to be cheaper and 

faster to apply when compared with qualitative methods, plus they have the advantage of being 

easier to compare the results gathered. 

On the other hand, qualitative research methods do not contain numbers or mathematical 

calculations, they are closely associated with words, sounds, feeling, feelings, colours and 

different factors which are non-quantifiable. Qualitative research intention is to make acquire 

greater stage of depth knowledge, some example of qualitative statistics collection methods 

include interviews, questionnaires with open-ended questions, consciousness agencies, 

observation, sport or position-gambling, case studies and so on. 

2.5.1 Focus Group 

The focus group was defined in 1997 by Morgan (Morgan, 1997) as a method for collecting 

data through interactions and group discussions, where the topics being discussed are proposed 

by a moderator, usually the researcher. It is a gathering of selected individuals and can be 

viewed as a hybrid technique, composed by the joining of two techniques, participant 

observation and in-depth interview, where the participants are placed in a non-threatening and 

receptive environment and encouraged to express their consumer perceptions of the given 

topic. It serves as a useful tool to collect a wide range of views and information about how a 

group of people think about the given topic (Mack, Woodsong, MacQueen, Guest, & Namey, 

2005), therefore it is used as a qualitative methodology to gather opinions, attitudes and 

preferences. 

It is suggested that the focus should be conducted with 6 to 10 participants. In this type of 

technique, spontaneous opinions and comments can be obtained (Coutinho, 2015), and it is 
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also considered an adequate method for gathering insights regarding the information needs of 

a specific group of citizens (Barrett & Kirk, 2000). 

These sessions should be mediated by someone with experience and leadership skills, to help 

guide the discussion and to avoid the group from abrupt changes that may lead them to go off-

topic. Additionally, the moderator should ensure that all the participants express their opinion 

since some individuals may be more vocal than others, in order to have an equal amount of 

inputs among the group. 

Zajicek (Gregor et al., 2002) concluded that it is difficult to arrange traditional focus groups 

for seniors, which is a common method in UCD. Focus groups should be adapted for older 

people, and their organization requires considerable interpersonal skills. 

2.5.2 Cognitive Walkthrough 

The Cognitive Walkthrough as described by Wharton et al. (1994), is one of the most effective 

usability inspection methods to apply during the design and development process of a 

technological solution. In this technique, one or more participants run through a sequence of 

tasks, determined by the researcher, designed to identify usability issues in interactive systems 

This data collection method’s focus is to understand the product learnability for new or 

infrequent users by making the participant go over the key aspects of the software. Historically 

it was used to test walk-up-and-use systems such as postal kiosks, automated teller machines 

(ATMs) and interactive exhibits in museums, systems designed to be operated by users with 

little or no training at all. 

2.5.3 Interview 

The interview consists of a qualitative data gathering method where the researcher has a 

conversation with the participant to ask information about a pre-defined topic (Coutinho, 

2015). The conversation is guided to collect data on the research project topic and can be 



30 

 

organized in different ways depending on the information being sought (Bowling, 2001), 

ranging from being in-depth or semi-structured, where it follows an Interview Guide, or 

unstructured where the conversation flow is more flexible and unpredictable.  

This method can be used to gather information that otherwise would not be possible to obtain 

through traditional questionnaires since information can be extrapolated in the human 

interactions between the researcher and the interviewee. Thus, is it important that the interview 

takes place in an open and flexible environment where the participant feels at ease, in order to 

promote reflections, ideas and presuppositions regarding the research theme (Raymond Quivy 

& Campenhoudt, 1995). 

The interview can be contrasted with focus groups in which an interviewer questions a group 

of people and observes the resulting conversation between interviewees or surveys which can 

be anonymous and limit participants to a range of predetermined answers. 

2.5.4 Questionnaires and Surveys 

As previously mentioned, questionnaires and surveys are quantitative data gathering methods, 

these are used to collect and analyse the opinions of larger groups of people since they are 

easier to apply in mass. When applying this kind of written tests, it is important to ensure that 

the documents use appropriate vocabulary that the seniors find simple and easy to understand. 

For this study, three tools were selected to be applied to the senior population: Self-Assessment 

Manikin, Post-Study System Usability Questionnaire and System Usability Scale. 

2.5.4.1 Self-Assessment Manikin 

The Self-Assessment Manikin (Morris, n.d.), commonly referred to as SAM, is a non-verbal 

evaluation technique that measures the satisfaction, motivation and control associated to the 

emotional reaction of the user regarding an object or event (Bradley & Lang, 1994a). This test 

can either be applied in the laboratory or during field trials. This technique was created by Peter 
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J. Lang in 1980 (as cited in Bradley & Lang, 1994b) and it is a popular method to evaluate 

products and commercials (Roto et al., n.d.). Nowadays, SAM is a questionnaire available in a 

paper version, but originally it was designed as an interactive computer software.  

For each of the three evaluated factors (satisfaction, motivation and control) the user is 

presented with a group of five cartoons that are associated to a scale from 1 to 9 and he is asked 

to select the value that best represents his feelings towards each factor. The scale contains nine 

items since each of the five pictures has a value associated with it in addition to the intermediate 

values between each picture. 

In the satisfaction scale, the pictures vary between a happy manikin (9) and a sad looking 

manikin (1). The motivation scale varies between an excited manikin, with eyes wide open (9) 

and relaxed/sleepy manikin. Finally, the control scale varies between a big manikin, 

representing maximum control over the situation, and a small manikin (1), representing low 

control levels. 

This test is appropriate for the target demographic of this study since it is very visual and easy 

to understand, which makes it appropriate for a group that was lower cognitive capabilities.  

2.5.4.2 Post-Study System Usability Questionnaire 

The Post-Study System Usability Questionnaire (PSSUQ) is a tool designed by the 

International Business Machines (IBM) to evaluate user satisfaction regarding a system’s 

usability (Lewis, 2002). This questionnaire is composed of 19 items, based on scenarios and 

written in a positive manner. Possible scores for the PSSUQ range from 1 (strongly agree) to 7 

points (strongly disagree). In this case the lower the score, the better the usability. This scale 

was officially translated to Portuguese, with positive results of the psychometric evaluation 

(Martins, Rosa, Queirós, Silva, & Rocha, 2015).  
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The PSSUQ consists of an overall satisfaction scale (item 1 to 19) and three subscales: system 

usefulness - SysUse (items 1–8); information quality - InfoQual (items 9–15); and interface 

quality - IntQual (items 16–18) (Lewis, 2002). The final score in these three subscales is 

achieved through the mean of the corresponding items for each one. The final score of overall 

satisfaction scale is the mean of items 1 to 19 (Lewis, 2002). 

This method was used to achieve very positive results when evaluating iTV systems for seniors 

(Ribeiro, Martins, Queirós, Silva, & Rocha, 2015), therefore making it a suitable choice for 

this study. 

2.5.4.3 System Usability Scale 

The System Usability Scale (SUS) was originally designed by John Brooke (Brooke, 1996) in 

as part of his usability engineering program. This survey scale was developed with the goal of 

being a quick and easy way to assess the usability of a given product or service, consisting in 

a 10 item Likert scale with five response options ranging from “Strongly agree” to “Strongly 

disagree”. 

It has become an industry standard, since SUS serves its purpose as an inexpensive, but still, 

effective method to measure usability of user interfaces such as web pages, web applications, 

operating systems, software interfaces, mobile interfaces, among others. 

In similar fashion to the SAM, this scale is very straightforward therefore ensuring that it can 

be understood clearly by the target demographic of the present study. 
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3. The +TV4E Project 

The “+TV4E: Interactive Television as a support to push information about social services to 

the elderly” is a project being developed in the University of Aveiro as a response to the 

identified needs of Portuguese seniors. The goal of this work aims to promote the info-inclusion 

of Portuguese seniors through the delivering of informative contents, supported by an iTV 

platform, by interleaving the normal broadcast with informative spots related to public and 

social services, chosen accordingly to the user’s profile (Silva et al., 2016b).  

3.1 Motivation and Objective 

It is common for Portuguese citizens of all ages to  face difficulties when they are faced with 

the need to access and understand information concerning social and public services (Silva, 

Campelo, Caravau, & Ferraz de Abreu, 2017). This reality is especially prevalent among the 

elderly population, which is in turn a situation that correlates to high levels of informational 

dependency on their formal and informal caregivers (Silva et al., 2016c). 

When taking into consideration the seniors’ information needs related to social and public 

services, the +TV4E platform was under development with the aim of supressing these 

difficulties faced by seniors. It can be described as an iTV platform, running in Android set-

top box (STB), with the purpose of promoting the info-inclusion and improve the quality of 

life of Portuguese seniors through the transmission of video spots, presented on the TV, with 

informative content about these services. This information presented in the videos is sorted into 

seven macro-areas of interest, previously studied, titled Assistance Services of General Interest 

for Elderly (ASGIE) (Silva, Campelo, et al., 2017). This taxonomy, created by the +TV4E 

research team, was defined by a group of experts in public health and public policies, as well 

as with a sample of Portuguese seniors (Silva, Caravau, Reis, & Almeida, 2017). These seven 

areas are:  
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• Health care and welfare services;  

• Social services; 

• Financial services;  

• Culture, informal education and entertainment; 

• Security services;  

• Local authority services; 

• Transport services. 

3.2 +TV4E Platform 

The project is supported on the +TV4E platform which spans multiple applications, it features 

a WebCrawler and a Video Builder, which are in charge of gathering information and 

automatically generating the informative videos, a Java application and a web application 

which run on the Android STB and display the videos to the users. 

For each of these ASGIE, several online news and information sources were selected, these 

were either independent outlets or official government sources. They are regularly checked by 

the +TV4E system to search for new informational content that could be used to feed the 

platform. In its majority, the sources feeding the platform’s informative contents belong to 

highly credible and reliable sources, specifically governmental web sources. After collecting 

the information directly from each one of the web sources, the platform’s uses an algorithm to 

convert the text-based content into audio-visual pieces, resorting to text-to-speech technology. 

After the video spots are created, which consist of an audio track narrating the news content 

and background images related to the video’s topic, the system injects them into the linear 

television presentation flow by first pausing the regular TV broadcast and later resuming it 

after the presentation of the informative video. 
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When the system decides to send the user an informative video, which are scheduled to appear 

every day at a given time interval, the STB receives a prompt to send the user a notification 

overlaid on the normal TV broadcast, which allows  the user to choose one of two options, 

either open and view the video or ignore it (Figure 1). 

  

Figure 1. New informative content notification 

 

The notification remains visible on screen during three and a half minutes, however after the 

initial 30 seconds it is minimized to reduce the intrusive appearance, as is shown in Figure 2, 

however it still allows the user to either watch or dismiss the video. 
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Figure 2. Minimized notification 

 

Another feature of the +TV4E that should be noted is that when the STB is turned on, a splash 

screen (Figure 3) is shown with several contextual elements, namely a greeting based on the 

time of the day; information regarding the weather (temperature and an icon that visually 

represents the weather); the time and the date; the current season. This information is presented 

on top of a background image based on the current weather, for example, if it is raining it shows 

a rainy city landscape. 
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Figure 3. Splash screen 

 

All the video spots available in the +TV4E platform are built with the same structure (Figure 

4), they start with an opening animation with the +TV4E logo, followed by the informative 

content itself and a closing animation to wrap it up.  

 

Figure 4. Components of the informative video 
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Additionally the system features a video library which serves as way to provide the users access 

to previous videos from the last five days, which are displayed in two rows with the video that 

user as already seen and the ones he didn’t see, either cause they were rejected or the user 

missed the notification. The video library is available both in the iTV application and in the 

mobile application and will be explored in further detail in the chapters four and five of this 

work. 

All these elements and functionalities are available in the high-fidelity prototype and were 

defined through a participatory design process with seniors (Silva, Caravau, Reis, et al., 2017). 

The design and development of a technical solution should consider that it is important that the 

product improves user's life in an easy and intuitive manner.  
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4. Video Library 

During the definition of functional and technical requirements of the iTV platform, it was noted 

that a video library could provide added value for the elderly using the platform. This 

component of the +TV4E platform would allow the visualization of the video spots which the 

user had previously seen, as well as access videos that were sent to the user but that were not 

visualized. Academic literature and the experience gained daily reveals the importance of a 

developing process concerning innovative responses for elderly population to be carried out 

with the participation of target users. Neglecting this development approach may cause 

consequences in the technology acceptance, and more important, the solutions developed may 

not have a positive consequence in peoples’ life. Therefore, the development of this feature 

started with the definition of three proposals, which were conceptualized considering the 

current iTV layout trends and following guidelines to building television interfaces for the 

elderly. 

4.1 Objectives 

This part of the study is performed with the main objective of determining the best approach 

to implement a video library, which would serve as a component of the iTV application 

developed under the +TV4E project. The main purpose of this video library is to allow the 

users to visualize the informative videos provided by the platform in a different manner, that 

would be like an on-demand video service. In the library, the users can re-watch videos they 

had already seen and watch videos they reject or missed, therefore complementing their user 

experience and giving them some degree of control over the system. With this in mind, to start 

three layouts proposals are developed in order to be presented to the seniors for the sake of 

validating them and ultimately choosing the most suitable solution.  



40 

 

A state-of-the-art review was carried out prior to the designing of the layouts in order to identify 

the current trends in iTV applications for seniors. All the layouts share several similarities, 

being the header displaying the name of the interface, as well as telling the user how to return 

to the TV broadcast or how to access the settings menu. Besides sharing the same header, all 

the layouts are based on video cards, although the information shown in the cards varies per 

layout. In the case of the interface proposed in this work, the lists only contain videos from the 

last five days and are sorted chronologically, having the newest videos shown first.  

4.2 Design and Development 

This section describes the design and development process for the library implemented in the 

iTV application, it explains the chosen technologies as well as the design philosophy behind 

each of the initial prototypes. 

4.2.1 Technologies 

To implement this video library the chosen technology was a Javascript library called ReactJS 

(“React – A JavaScript library for building user interfaces,” n.d.), it is a library specifically 

developed to create interactive interfaces. The choice laid mostly on the fact that the already 

existing iTV application was being developed with this technology, therefore it was the logical 

solution to ensure full compatibility. 

4.2.2 Horizontal Layouts 

The first horizontal layout (Figure 5) consists in simple double row screen where the top row 

presents the video the user hasn’t seen and the bottom row, the videos the user already as seen. 

Each video is represented by a simple card composed of the image of the ASGIE the video is 

associated with, the title of the video and finally the video’s duration. This card was made to 

be similar to Youtube’s (“YouTube,” n.d.) video cards, however with less information in order 
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to keep the layout as simple and clean as possible. This is the simplest proposal since it presents 

the least amount of information to the user. 

 

Figure 5. Horizontal layout 1 

 

On the other hand, the second horizontal layout (Figure 6) was designed with a different 

approach, it was based on one of Netflix’s (“Netflix Portugal – Veja séries de televisão e filmes 

online,” n.d.) TV interfaces and it features more detailed information of each video. In this 

layout the videos are also organized in two rows with the seen and not-seen videos, however 

the details of the video are only shown for the currently selected video. In order to achieve this 

the rows were made to be significantly smaller than in the previous layout, to allow the selected 

video’s information to be detailed on the top part of the screen. In this details section the user 

as access to more information about the video, aside from its title, duration and ASGIE image, 

it can also see when the video was sent to him and first paragraph of its content. This 

information could potentially be helpful for the users to decide if the video is relevant or not, 

since it is more detailed than in the previous layout. 
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Figure 6. Horizontal layout 2 

4.2.3 Vertical Layout 

Lastly, layout 3 (Figure 7) is a variation of the first horizontal layout where the navigation is 

done vertically instead of horizontally. In order for each video card to have enough space to 

display its information in a font size which is easy to read, in this proposal each column only 

shows two cards on the screen, this also allowed the cards to include more information, so the 

date of the video was also included. 

 

Figure 7. Vertical layout 
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It is important to mention that none of these layouts were refined to the point of them being 

considered final. Since the main goal of this study was to assess which of these navigation 

typologies, vertical or horizontal, was best suited for the project’s target demographic and what 

kind of information was most relevant to be displayed. 

4.3 Evaluation 

Following the design and development process, the next step was trying to assess the 

preferences of seniors concerning the best video layout to be featured in the +TV4E platform. 

In order to develop an interactive TV platform which is both attractive and adequate to the 

target demographic its essential to resort to a participative design process where the final users 

are consulted during the entire process, thus helping in defining the best results. 

In the context of the +TV4E project a participatory design process was carried out in two senior 

universities located in the district of Aveiro. These moments occurred during the evaluation of 

key parts of the project. The data gathered in each of these moments was analysed and used to 

improve the current state of the iTV application since the results achieved were then presented 

in the following session. 

Since the video library is a hub where it is possible to access all the informative videos provided 

by the application and it is also the only interface in the iTV application where the users are 

required to navigate. Therefore, it was important to guarantee that the navigation meets the 

users’ needs and expectations. Thus, since in the context of the +TV4E project the team wanted 

that all the elements of the platform were designed and tested alongside the end users, an 

experiment was conducted with a restricted number of participants to assess which of the three 

video library layouts was preferred. Each layout represents one way of presenting the 

information and the navigating between it.  
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Due to the limited size of the sample, the experiment was designed so that each one of the 

participants had the opportunity of navigating inside each one of the layouts so that the choice 

of the preferred layout was based on actual user experience and not solely based on 

expectations. This experiment was divided in two parts, an individual cognitive walkthrough, 

which in turn was separated in three different moments, and a focus group with all the 

participants afterward. Considering the demographic of the study, the researchers took care in 

using clear and concise language with all participants throughout the entire process, while also 

avoiding any technical terms that might confuse or demotivate the users. 

4.3.1 Sample Groups 

The video library evaluation featured two sample groups, one took part in the first data 

collection moment, carried out in a controlled environment and the other in the field trials. Both 

of them should consist of at least four participants, preferably 50% males and 50% females, all 

of them over 65 years old. These are selected via convenience sampling due to the difficulty of 

selecting a random sample.  

All participants should also already be familiar with the project, therefore the selection 

prioritized those who have already been involved in previous data gatherings, where other 

visual elements of the iTV platform were defined. 

The first sample group was composed of four students of the Senior University of Curia which 

was a partner of the +TV4E project, mostly by providing users to test the platform. The second 

sample group was also composed of four seniors, residents of the district of Aveiro however 

this was a convenience sample due to the difficulty of gathering users to test the platform on 

their homes for an extended period of time. 
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4.3.2 Controlled Environment Testing 

The testing phase was carried out in three steps: a cognitive walkthrough, followed by an 

individual questionnaire, and finally a focus group with all the participants. 

4.3.2.1 Cognitive Walkthrough 

The cognitive walkthrough would begin by contextualizing the user about the experiment. To 

start the participant was informed about the results of the previous data gatherings since, as 

stated above, the participants took part in previous +TV4E studies and then contextualized 

regarding the experience that was going to take place. Subsequently, it was explained to the 

participant that he would be able to interact with three distinct layout proposals for the video 

library, where they could visualize videos they missed and videos they had seen previously, 

which would be later included in iTV application. Additionally, each participant was informed 

that after testing the three interfaces he would be asked to wait in a room while the other 

participants finished their tests. 

This last step was necessary, considering the goals and sample it was necessary to find an 

adequate test that would allow all users to experiment every layout to form an opinion about 

each one. However, due to the lack of multiple television sets it was not possible to run all the 

user tests in simultaneously. Thus, a specific approach was needed that would not allow the 

users to influence each other’s opinions between tests, so after some deliberation, it was 

decided that users needed to remain isolated from each other while the individual test was 

ongoing. Following the contextualization, the participants were informed that they could freely 

explore each of the three interface layouts, but also needed to perform some simple tasks while 

doing so.  

These tasks were designed with the goal of making the users explore the most important 

features in the video library, which are to watch seen and unseen videos. They consisted of 
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changing between the two video lists, counting the number of videos in a list, watching a 

previously watched video and watching a specific video given its title. So that the participants 

would not be confused when asked to view a video they had previously seen, the test began by 

showing them an informative video before proceeding to open the video library.  

Following this step, the participants went through each of the layouts while performing the 

tasks listed above. However, each participant was shown the layout in a different sequence of 

the presented to avoid the users from becoming biased by the order of the layouts. 

4.3.2.2 Individual Questionnaire 

Following the cognitive walkthrough, the participants were asked some short questions 

regarding their user experience, this helped in gathering the individual opinion of each 

participant before having them discuss their opinions during a focus group.  

The following questions were asked1:  

1 - Which of the three options is most appealing to you? Can you explain why?  

2 - Was it easy to navigate between lists? In which option was it easier?  

3 - Do you have any suggestions that can help making this solution easier? 

4.3.2.3 Focus Group 

Following the cognitive walkthrough, all the participants were gathered in a testing room to 

begin the focus group. The participants were then encouraged to share their opinions regarding 

their experiences. In the end, they were required to choose their preferred layout, which needed 

to be a group decision. 

 
1 These questions are written in English for the context of this work, however they were asked in Portuguese due 

to the nature of the study being with Portuguese seniors. 
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4.3.3 Bug Fixing and Improvements 

Following the data gathering sessions in the Senior University of Curia all the gathered data 

and feedback was used to improve the chosen prototype. This new prototype includes all the 

strong points of the previously evaluated layouts, and it does not need to be restricted by the 

previous layouts. Also, this prototype should be fully functional and integrated with the live 

version of the +TV4E platform, since it will later be tested in a real use scenario with the senior 

users of the second sample. 

4.3.4 Field Trials 

The last phase of testing the video library consisted in sending the improved version of the 

video library to be tested alongside the entire +TV4E platform, therefore these field trials were 

used to evaluate various aspects of the platform as a whole.  

In this context, the video library was evaluated by the users in a natural use context for a period 

of two weeks, during which the +TV4E team stayed in touch with the participants to address 

potential problems that arise during testing.  

Before starting the field trials, the objectives of the test were explained to the participants, they 

will be asked to sign off an informed consent and provided the same demographic data 

collected from the previous sample group. Afterward, the research team installed the necessary 

equipment for testing the platform, which involves hooking up the set-top box to a TV and 

installing a 4G router to guarantee a stable internet connection. During this period the system 

kept records of the videos each user watched, when the video was seen, which method was 

used for watching the video, either via notification or via the library and the rating given at the 

end of the video. 

In the end of this testing period the participants will answer to a series of questions regarding 

their use experience with the library. These will be semi-structured interviews where the 
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participant is encouraged to share any aspects, they either liked or disliked regarding the video 

library. 

4.4 Results and Discussion 

This section presents the results and discussion of both phases of tests. 

4.4.1 Controlled Environment Tests Results 

The first phase of testing the video library, which consisted in the controlled environment 

testing with the seniors from Curia wield both individual and group results regarding the best 

layout for the interface. The individual results are synthetized in Table 1, which list all the 

suggestions and comments made by the users during testing. 

Table 1. Video-library controlled environment testing results 

 Layout 1 Layout 2 Layout 3 

User 1 The video cards are easy 

to distinguish since the 

title occupies less space. 

The selected video is not 

big enough. 

The lighter colours are 

not distinct. 

The background colour 

cannot be distinguished 

from the cards 

User 2 The play symbol should 

be blinking to make it 

clear that it plays the 

video. 

Headers should be 

bigger. 

The font should be 

changed or have a 

different colour. 

Vertical navigation is better 

than horizontal. 

Having two cards per 

column is appropriate since 

they are bigger. 

User 3 Liked it because it was 

simple and easy to 

navigate. 

Should have less cards 

shown on screen. 

Has too much 

information. 

Should have less cards 

shown on screen. 

Easy to understand which 

card is selected. 

Two cards per column 

makes it easy to read. 

User 4 Duration of the video is 

important to keep. 

Intuitive navigation. 

Too much information 

makes the layout 

confusing. 

Number of thumbnails is 

appropriate. 

Prefers horizontal 

navigation. 

 

When it came to choose the preferred layout, all user with the exception of user 2 choose layout 

1 (Figure 5) as their favourite. Since most users already preferred layout 1, the focus group 

results were very similar to the individual results. In the end, most of the participants preferred 

layout 1 due to it featuring a horizontal navigation and fewer interface elements. The users 

justified this by saying they were already familiar with the horizontal navigation, therefore 
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making it easier to use. The focus group participants also decided that the appropriate number 

of video cards per list should be three, in order to allow them to be bigger and thus easier to 

read. 

In the end, this first study was considered successful since the participants clearly understood 

the purpose of the tests and it was possible to get a clear decision between the all of them. The 

results were consistent and the fact that the layout showing order was different for each 

participant, further indicates that the chosen layout was the most appropriate. Following the 

final choice of layout 1 and considering that the layouts were not finalized, the next step was 

refining it with the participant’s suggestions.  

One of the main complains regarding layout 1 was the number of cards shown on screen, so 

the number of cards was later reduced to three per list. The background colour was also a 

problem for some users, so the contrast between the cards and the background was further 

increased to circumvent this problem from happening.  

4.4.2 Field Trials Results 

The improved version of layout 1 was later integrated into +TV4E project iTV application and 

was further evaluated during the field trials. These were carried out in a domestic environment 

with real context users and had the goal of testing the first iteration of the complete application. 

The main goal this time around was to determine if the users considered the video library a 

useful addition to the +TV4E platform. 

As it was mentioned in Chapter 3 there are two ways for the users to view an informative video, 

either by receiving and opening a notification while watching TV, or by accessing the video 

the video library and choosing a video to watch. Figure 8 shows the number of videos watched 

via notification and Figure 9 shows the videos watched via the video library, divided per each 

ASGIE. 
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Figure 8. Video watched by notification per ASGIE 

 

Figure 9. Video watched by the video library per ASGIE 

The results reveal that most of the videos were watched via the video library and although the 

sample size was quite small, it is possible to see the importance of this component in the iTV 

application. 

Furthermore, the video library could also be used to re-watch videos that the users had already 

seen. Figure 10 shows how many videos were re-watched during these trials, divide per ASGIE. 
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Without the video library it would not be possible to watch these videos again, which 

consequently reveals that the users showed interest in this feature. 

 

Figure 10. Videos re-watched via the video library per ASGIE 

The video library was the main way the users used to watch videos. This can be explained in 

one of two ways, either the notification did not appear on screen for long enough in order for 

the users to open the videos, or the users simply prefer the watch the videos on demand, having 

full control over what they watch and when they watch it. 
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5. Mobile Application 

5.1 Design and Development 

The design and development process of the mobile application was divided into three 

fundamental steps: the definition of the functional requirements and technical requirements, 

followed by the design of the interface and finally its implementation.  

5.1.1 Functional Requirements 

The first step, defining the functional requirements, was perhaps the most important step in this 

process, since, it was necessary to find a balance between the ITV and the mobile applications 

in order for the mobile application to serve as a complement and not a replacement to the 

+TV4E iTV platform. To accomplish this task, the mobile application was planned to take 

advantage of the functionalities available on smartphones that are not available in most TVs, 

namely having a keyboard, which allows for easier typing, touch controls, a microphone, a 

camera and most importantly being portable. Therefore, the following functional requirements 

were defined: 

• Scan QR codes for a simplified user login; 

• Allow the user to access his/her video library; 

• Enable the user to watch the informative videos on the smartphone; 

• Allow the user to select a video and watch it on the TV; 

• Allow the user to search videos on his/her video library; 

• Provide the user with recommended videos for his profile; 

• Allow the user to use voice commands to interact with the TV; 

• Include a tutorial to help the users. 
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With this mindset, the +TV4E mobile application was designed to work as both as a second-

screen application, for when the user is watching TV at his home, and as a standalone 

application to watch informative videos when he’s outside. So the application would allow the 

user to browse his personal video library anywhere, thus being fully a functional way to watch 

informative videos when he’s away from the TV, but also allow the user to interact with the 

TV by using the application to search for and push videos to the TV.  

5.1.2 Technical Requirements 

Next, it was necessary to define the technical requirements that would allow for the 

implementation of the features listed above. The following technical requirements were defined 

for the mobile application: 

• Run on Android smartphones; 

• Be able to communicate with the set-top box; 

• Be able to access the internet; 

• Be able to access the smartphone’s camera and microphone; 

• Feature touch controls. 

Since developing for both Android and iOS was more time consuming, Android was chosen as 

the target platform in order to save resources, since it is easy to deploy applications to any 

Android device, while for iOS either the application needs to be published in the app store or 

the device needs to be configured to allow the installation of unverified applications. 

Furthermore, Android devices are vastly more common than their iOS counterpart, so it would 

not negatively affect the gathering of participants to test the application. It was also important 

that the mobile application was able to directly communicate with the set-top box in order to 

function as a companion application for when the user is watching TV, as well as connect to 
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the internet in order to stream the informative videos, access the smartphone’s microphone to 

record the user’s voice during voice commands and the smartphone’s camera to scan the QR 

codes. 

5.1.3 Designing the Interface 

After establishing the functional and technical requirements the design process of the interface 

began, the goal was to keep the layout as simple as possible while accommodating all the 

features in a clear and visible way. Simplicity was the focus since familiarity with technology 

usually decreases with age and seniors tend to avoid technology when the product is too 

complicated for them. Individual abilities decline with old age, especially vision, since the eyes 

lose its ability to focus quickly or to react to rapidly changing brightness it is important to 

accommodate these limitations in the design. Seniors often also cannot see thin lines or other 

fine details in interfaces and have difficulty distinguishing between similar icons, therefore, the 

interface was kept as clean and simple as possible consisting only of two main screens 

(“Library” and “Recommendations”) the login screen, a menu, a tutorial and a total of only 

three icons.  

The “Library” screen aggregates all the videos sent to the user in the last 15 days in a vertical 

list ordered by the most recent, each video is presented as a card, similarly to the YouTube’s 

mobile application, containing the title, the duration, the date it was sent and a thumbnail 

representing the area of interest of the video. By clicking on the card, the user is shown an on-

screen prompt which asks him if he wants to watch the video on the smartphone or the TV.  

Additionally, this screen contains a search bar which allows the user to find videos by their 

title which is represented by a magnifying glass icon. The “Recommendations” screen follows 

the same layout of the previous screen; however, it displays a maximum of six videos suggested 
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by the +TV4E recommendation system and it does not feature a search bar since the video list 

is much smaller.  

To implement the login in a simplified manner a QR code was added to the set-top boxes which 

contained the serial number of the box, this way if a user needed to login in the mobile 

application he would only have to scan the QR code located on top of the box, thus removing 

the need to remember a username and password combination. The menu was positioned at the 

top of the screen, to avoid having the user accidentally clicking on it while scrolling, and 

featured two buttons which served both as shortcuts to navigate between the two main screens 

and to let the user know which screen he was navigating since the selected screen was 

highlighted.  

Finally, on the bottom right of the screen, two buttons were positioned, the “Help” button was 

represented by a question mark icon and opened the tutorial and the “Voice” button allowed 

the user to issue a voice commands to the ITV application. The result is seen in Figure 11 

below, in which the basic navigation flow is depicted. 

 

Figure 11. Mobile Application 
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5.1.4 Chosen Technologies 

Afterward, it was necessary to choose a technological solution that would allow the creation of 

a high-fidelity prototype that would accurately represent the final product. Since the project 

programmers were used to developing JavaScript web applications the chosen framework was 

Ionic (“Ionic - Cross-Platform Mobile App Development,” n.d.), an open-source software 

development kit built on AngularJS (“AngularJS — Superheroic JavaScript MVW 

Framework,” n.d.), this framework allows the development of hybrid mobile applications using 

web technologies such as HTLM5 and CSS. The development followed the specifications 

stated previously, with the two main screens and a tutorial area, the voice commands were 

implemented using Google’s Speech to Text service (“Cloud Speech-to-Text: reconhecimento 

de fala  |  Cloud Speech-to-Text  |  Google Cloud,” n.d.) and the interaction with the set-top 

box was done by sending HTTP requests to the +TV4E web API which then communicated 

with the box via a socket connection (see Figure 12). 

 

Figure 12. +TV4E mobile system architecture 

In the coming section, the methodology used to evaluate the mobile application is described in 

detail, going over the objectives of the study, the sample, and the testing process. 
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5.2 Evaluation 

The second part is the study of the inclusion of a mobile application and assess its the added 

value in the already existing +TV4E platform, by determining if mobile devices are an 

appropriate medium for the project for the senior audience of the project. In order to accomplish 

this task first, it is necessary to decide on a set of methods and scales that can provide accurate 

results in assessing the usability and the user-experience of the mobile application, as well as 

being appropriate to be applied with the target demographic. The present section describes this 

process, going over the objective, the sample and detailing the entire process. 

5.2.1 Objectives 

The primary objective of this part of the study is to evaluate the usability and user-experience 

of the +TV4E mobile application, which would serve as a component of the ITV application 

being developed under the +TV4E project. The development of this mobile application was 

self-proposed, rather than being an idea proposed during the participatory design sessions of 

the +TV4E project, however, despite this, the literature strongly suggests that the best way to 

develop software solutions for the senior population is to work closely with the target 

demographic. By engaging with seniors in key development steps it is easier to create a solution 

that better suits the needs of this population, which often has difficulties handling newer 

technologies.  

The +TV4E mobile application serves a similar purpose to the video library present in the ITV 

application, allowing users to watch videos on-demand, thus giving some control over which 

content the users want to see, as opposed to the way videos are automatically sent to users 

while watching the regular television broadcast in the ITV Application. In both the library and 

the mobile application, the users can re-watch videos they already saw or catch up on videos 

they missed or ignored while watching TV, however in the latter the users are given a higher 

degree of control since they can also watch suggested videos based on their usage of the 
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platform. These suggested videos are provided by the recommendation system, which is also 

used when choosing which video should be sent to each user. Additionally, the mobile 

application provides the users with a search feature to find videos more quickly, allowing them 

to watch videos either on their smartphones or in the TV and also to interact with the ITV 

application via voice commands. These voice commands only allow the user to perform a very 

limited amount of actions, namely selecting the next higher or lower channel, changing to a 

specific TV channel given its name or number, and accessing the video library. This feature 

was added due to the rising popularity of voice assistants in the market, such as Siri, Alexa and 

Google Assistant, which led to considering including them in the mobile application in order 

to assess how the senior population would react to them in a TV ecosystem. 

However similar in terms of functionality, the mobile application greatly differs from the video 

library when it comes to its interface and user experience especially since it is developed on 

for a different platform with a vastly different interaction paradigm, therefore the need to 

perform new tests to validate it with seniors.  The key elements in need of validation were the 

navigation, the interface, the voice commands and the general receptiveness for this technology 

to be integrated into the +TV4E platform. 

5.2.2 Sample Groups 

The sample for this part was divided into two groups, a first group performed a preliminary 

usability analysis which aimed at finding key usability issues in the application and a second 

group to test the application in a real home environment with the full +TV4E platform. 

Similarly to video library tests, all the participants for this study were required to have 

participated previously in +TV4E data gatherings in order to guarantee that they are already 

familiarized with the platform, since in order to use the mobile application to its full extent its 

necessary to use the ITV application as well. 
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5.2.3 Controlled Environment Testing 

This testing phase was carried out in three steps: a cognitive walkthrough, followed by a SAM, 

and finally a focus group with all the participants. 

 

5.2.3.1 Cognitive Walkthrough and Self-Assessment Manikin 

The first phase began by contextualizing the participants and reminding them about the +TV4E 

project, since all of them took part in previous data gatherings. It was explained that their 

participation was voluntary and that the data collected would remain anonymous and would 

not be disclosed. Afterward, the participants signed the informed consent to take part in the 

study and their demographic data was collected, the participants were asked their age, gender 

and level of education, followed by a survey regarding their smartphone usage habits, on which 

they were asked what device they use, their daily average use and which tasks they perform 

regularly with the smartphone. 

Next, each participant was given a brief explanation of the application’s features, emphasizing 

the fact that it mostly consisted of a complement to the iTV application they tested previously, 

and then took part in a cognitive walkthrough. This test was composed of 14 tasks which aimed 

at evaluating key aspects of the interface and layout of the application. The tasks were the 

following: 

1. Open the +TV4E mobile application. 

2. Read the application’s user guide. 

3. Login to the application using the provided QR code. 

4. Access the help menu and review the application’s user guide. 

5. Count the number of videos in the list “My Videos”. 
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6. Point out when the 3rd video of the list was added. 

7. Use the search function to search for the video “USF Almada”. 

8. Watch on the smartphone the video you searched. 

9. Close the video you are watching. 

10. Switch to the list “Recommended Videos”. 

11. Point out the duration of the 2nd video in the list. 

12. Chose a video from the list and watch it on the television. 

13. Click on the microphone button and use a voice command to change the TV channel. 

14. Use a voice command to access the video library. 

During the execution of these tasks, a researcher filled a performance evaluation chart where 

it was registered whether the task was successfully completed or not, the number of mistakes, 

the execution time and potential observations. The participants were encouraged to perform the 

tasks independently, thus the researcher gave as little instructions as possible and instead just 

motivated them to keep trying. However, if the participant decided to give up it the solution 

would be explained to him while he explained why he could not finish the task since some 

tasks required the completion of previous ones. After concluding the tasks, the participants 

were asked to fill out a Self-Assessment Manikin test. 

5.2.3.2 Focus Group 

After each participant tested the application individually, the entire sample was gathered for a 

focus group where they were encouraged to discuss which aspects of the mobile application 

they considered to need improvements, which features should be included to this initial 

prototype and if they found the application useful or not. The focus group was structured to 
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centre the discussion around these three aspects and included the following open-ended 

questions2: 

1. Did you consider that the +TV4E mobile application could be an added value for you 

to stay informed? 

2. Do you consider that being able to access the +TV4E platform outside your home is 

useful? 

3. Do you think that the mobile application should include more information, such as 

weather forecasts? 

4. Do you consider useful having the “Recommended Videos” list? 

5. Did you have any problems navigating in the application? 

6. Did you have trouble reading the text in the application or understanding the 

iconography? 

7. Did you find the voice commands useful? 

All the participants were given an opportunity to express their opinions as well as discuss 

among themselves their user experience, this step was considered crucial for this early testing 

since it provided a very direct feedback of the main problems found in the application at the 

moment. 

5.2.4 Bug Fixing and Improvements 

Before the next test phase, all the data gathered is compiled and used to fix the most recurring 

problems in the application, as well as improve the current layout to better suit the target 

 
2 These questions are written in English for the context of this work, however they were asked in Portuguese due 

to the nature of the study being with Portuguese seniors. 
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audience. These changes should only reflect the major user complaints and should not 

drastically change the visual aspects presented to the first sample group. 

The first phase of testing proved to be very successful in determining the key problems in the 

current prototype, in total nine issues were found in the application which needed to be 

addressed before the next testing phase. The majority of these issues were obtained through 

direct user feedback while some of them were inferred by the research team, they were divided 

into three categories, issues reported directly by the users, issues identified by the researcher 

during the user testing and software issues. The complete results of the first phase are detailed 

in the “Results and Discussion” section, however, the changes made to address these issues 

will be listed below for the sake understanding the differences between the two prototypes. 

Starting with the user reported problems, the most frequent issue, which occurred in all user 

tests, was the fact the users were assuming that the duration of the video was instead the time 

at which it was added. To fix this, the duration was moved to fit inside the ASGIE icon, the 

sent date was aligned to the right while the name of the ASGIE was included and aligned to 

the left to avoid a large blank space.  

The majority of users complained that it was difficult for them to exit a video they were 

watching, so a button was added to the top right corner of the screen with the label “exit” which 

would only appear while a video was being played. Also, regarding the video player, it was 

decided to remove the player controls and only keep the play/pause function by tapping the 

screen since the users frequently clicked on the timeline by accident. The contrast of the colours 

was slightly altered to allow for better legibility since some users complained it was too bright 

to read. Regarding the buttons, since most users found it difficult to understand the chosen 

iconography for the “Help” and “Microphone” buttons, labels were added to them to avoid 
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confusion. Additionally, the overall size of all buttons was increased since most users expressed 

difficulty in pressing them. 

Beyond the issues reported directly reported by the user, it was identified that a search bar 

should also be present in the “Recommended Videos” list both for consistency and for times 

when there are several recommended videos. Furthermore, the tutorial was also considered not 

to be very useful since it lacked clear instructions on how to use the application’s features, 

therefore it was updated to include close-ups of each function and text clearly explaining each 

one of them. The improved prototype can be seen below in Figure 13, which include the 

changes in the most important screens. 

 

Figure 13. Improved mobile screens 

Finally, a couple of technical problems were discovered during testing, the search bar did not 

update when the user pressed the backspace and the “Microphone” button was not properly 

requesting permission to access the smartphone’s microphone, needed for the voice commands. 

Both these issues were fixed which lead to the second prototype of the +TV4E mobile 

application to be ready for testing in the second phase. 
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5.2.5 Field Trials 

The second and final phase of testing the mobile app during which the second sample group 

took part in a field test at their own homes using the entire +TV4E platform. Similarly, to the 

previous phase, the objectives of the test were explained to the participants, they were asked to 

sign off an informed consent and provided the same demographic data collected from the 

previous sample group. Afterward, the research team installed the necessary equipment for 

testing the platform, which involved hooking up the STB to a TV, installing a 4G router to 

guarantee a stable internet connection and finally installing the mobile application in the 

participant’s smartphone. 

After explaining how the platform works, especially how the mobile application worked in 

tandem with the ITV application, the users were left to test it for a total of eight days, during 

this period the researcher kept regular contact with the participants to ensure the system was 

working properly and to provide support if necessary. During this time the system was keeping 

records of the videos each user watched, it registered when the video was seen, which method 

was used for watching the video, either via notification, library or the mobile application and 

the rating given at the end of the video. 

On the last day of testing, before removing the equipment from the user’s homes, each user 

was interviewed regarding their experience using the +TV4E platform. These were semi-

structured interviews where the participant were encouraged to share any aspects they either 

liked or disliked regarding the mobile application and afterward they were asked the same set 

questions used in the previous focus group for the sake of having some consistency in the 

results.  

The final step will be conducting a focus group in a similar fashion to the previous phase, where 

all the participants who just tested the platform were gathered and asked to discuss their 
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experiences during the past eight days. This is a structured focus group and includes the 

following open-ended questions: 

1. How did you feel while testing the +TV4E platform? 

2. What made watch a notified video or searching for a video on the mobile application 

3. During the interviews I understood that you rather use the platform on the television, 

why is that? 

4. In your opinion which device is easier to use, the ITV or the mobile application? 

5. In your opinion what are the main positive and negative aspects of ITV application? 

And of the mobile application? 

6. Do you have suggestions to improve the ITV or the mobile applications in order to 

make it more accessible to seniors? 

This focus group was aimed at comparing the ITV application with the mobile application, 

which is something being studied in parallel with the interface and user-experience evaluation 

of the mobile application, therefore only the answers to last two question were relevant for this 

study and are later considered in the final results. 

5.3 Results and Discussion 

This section presents the results and discussion of both phases of tests. 

5.3.1 Controlled Environment Test Results 

A total of 5 individuals took part in this study, the evaluation was composed by a cognitive 

walkthrough, a SAM and a focus group. The results of these moments with seniors are analysed 

in the next section.  

5.3.1.1 Cognitive Walkthrough Performance  

Almost all the were successfully concluded by the participants, as shown in Table 2. The tasks 

with the highest and lowest success rates are further analysed. Also, some additional 
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information observed in the performance evaluation grid is provided to help understand the 

obtained results.  

Table 2. Mobile cognitive walkthrough performance 

  
Success 

(%) 

Run Time 

(seg) 
Errors 

1. T1. Open the +TV4E mobile application 80 16.4 1.25 

2. T2. Read the application’s user guide 80 41 1.8 

3. T3. Login to the application using the provided 

QR code 
100 9.2 0 

4. T4. Access the help menu and review the 

application’s user guide 
60 44 2.4 

5. T5. Count the number of videos in the list “My 

Videos” 
100 15.4 0.2 

6. T6. Point out when the 3rd video of the list was 

added 
100 5.8 1 

7. T7. Use the search function to search for the 

video “USF Almada” 
80 76 1.6 

8. T8. Watch on the smartphone the video you 

searched 
100 6.6 0 

9. T9. Close the video you are watching 80 20.6 1 

1. T10. Switch to the list “Recommended Videos” 100 7.2 0 

2. T11. Point out the duration of the 2nd video in the 

list 
100 3 0.2 

3. T12. Chose a video from the list and watch it on 

the television 
100 8.8 0.2 

4. T13. Click on the microphone button and use a 

voice command to change the TV channel 
100 34.4 1.4 

5. T14. Use a voice command to access the video 

library 

6.  

100 18.4 0.2 

 



68 

 

By looking at the results of the cognitive walkthrough, it can be ascertained that out of the 14 

tasks only 5 were not successfully completed by all the users. Tasks 5, 6, 8, 10, 11, 12 were 

carried all without any issues by all the users.  

Task 1 proved to be problematic for some users for two reasons, two users complained the icon 

was not easy to identify while a third had problems since she was an iOS user and therefore 

was not used to Android smartphones.  

Task 2 had a high rate of success, but four users had some trouble understanding they needed 

to swipe right to forward the tutorial.  

Task 3 had a surprising 100% success rate contrary to the team’s expectations, which were due 

to the fact that seniors do not seem to be familiar with QR code technology, however, since the 

process was compared to taking a photo with the smartphone there were no problems in this 

task.  

Task 4 displayed the lowest success rate since three of the five users could not identify the 

question mark icon as being the help button, this was later fixed as described in the section 

“Bug Fixing and Improvements”.  

Task 7 proved to be somewhat difficult for three users, the users had no trouble finding the 

search area, and however, they had difficulty typing the title of the requested video. This can 

be due to the smartphone used for testing being different to the devices the users are used to 

type with.  

Task 9 had a high success rate, however, the average execution time was higher than expected 

since exiting the video should be a simple task, users reported that using the smartphone’s back 

button was not an intuitive way to exit the video since not all smartphones have a back button 

and sometimes the button is swapped with the overview button.  
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Finally, Tasks 13 and 14 had a 100% success rate despite all the users claiming that they never 

used voice commands previously, they reported this feature was easy to use after understanding 

how to issue a voice command which was reflected in a significantly lower execution time 

average between Task 13 (t=34.4) and Task 14 (t=18.4).  

5.3.1.2 SAM  

The SAM scale was applied at the end of the cognitive walkthrough. SAM uses a pictorial scale 

that ranges from 1 to 9 and where a high score (closer to 9 than to 1) indicates better usability 

in terms of how the user feels interacting with a certain system, in this case, the mobile 

application. This evaluation tool focuses on three items, namely pleasure, arousal, and 

dominance. Figure 14 integrates the mean average score obtained for each item.  

 

Figure 14. Mobile Self-Assessment Manikin results 

Analysing the results, it is clear that, the users rated the application highly on all three items, 

arousal and pleasure were especially high, which can be attributed to the fact that the users 

where testing technologies that are still relatively new to them, especially the voice commands, 

which all five users later reported to find very interesting. However, the lowest score in 
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dominance was the main take away from this SAM, which cannot be dismissed and reflected 

the usability problems already presented.  

5.3.1.3 Focus Group  

For the final step of these tests, all five participants were gathered for the structured focus group 

organized based on seven questions. The results of this focus group were important to better 

understand the biggest issues the user had while performing the cognitive walkthrough, as well 

as gather suggestions to fix these issues. Regarding the added value of using the mobile 

application to stay more informed, the participants stated that adding a mobile component to 

the +TV4E platform was a good idea, while another participant stated that it could be hard for 

him to use it in his daily life since he’s not used to mobile applications. In regard to the 

usefulness of being able to access the +TV4E platform outside their homes, the participants 

said that they found it useful having the platform available anywhere since they could watch 

the informative videos as a way to pass the time while also staying informed. When asked if 

the mobile application should include more information beyond the information provided by 

the videos, they replied that it should also contain information regarding public transports, 

namely train schedules, information about the weather, local shows, and other events.  

Next, the participants were asked if they found the “Recommended Videos” tab useful, which 

is a new functionality to the +TV4E platform, they replied that having more control over the 

videos they can watch is a positive aspect and that the videos should be recommended based 

on their search history. These replies allude to the fact that some senior users enjoy looking for 

the content they want to watch instead of automatically receiving videos suggested by the 

system. The next question inquired the participants about any navigational problems they had 

while testing the mobile application, to which they replied that closing the videos with the 

backspace was not intuitive and needed to be changed.  
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Users also suggested adding a small button on the screen to close the video. Subsequently, the 

participants were questioned about their opinions regarding the font and icons are chosen for 

the mobile application, the font Tiresias was considered to be easy to read, however, the users 

requested that blue colours used in the menu should have more contrast and that the icons 

needed something to make their purpose more evident. The final question inquired about the 

voice commands, participants stated that they found them very useful and even more practical 

than using the TV remote, all the participants expressed some degree of enthusiasm regarding 

the voice commands which motivated the team to further test their potential applications in the 

+TV4E platform. 

5.3.2 Field Trial Results 

The second phase featured four participants and was composed by the field test which lasted 

eight days, interviews, a SAM and a focus group, in this phase the participants tested the second 

prototype of the mobile application which included changes proposed by the first sample group. 

5.3.2.1 Platform Usage 

Throughout the duration of the field trials, all the videos the participants watched were recorded 

in a database with the intention of comparing the usage of the platform via the mobile 

application and the ITV application (Figure 15). The following table presents the viewing 

method for each video the participants viewed divided into three categories, mobile, TV, and 

library. Mobile refers to videos watched using the mobile application, which can include 

watching or re-watching video received on the TV, as well as watching video from the 

“Recommended Video” tab, TV refers only to videos watched after receiving a notification 

while watching TV, and Library refer to videos watched or re-watch in the ITV application 

video library. 
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  ID 6 ID 7 ID 8 ID 9 Total % 

Mobile 12 3 14 10 39 30% 

TV 24 4 48 7 83 65% 

Library 4 0 3 0 7 5% 

Total 40 7 65 17 129 100% 

Figure 15. Field trials platform usage 

As expected, the TV was the primary method for watching informative videos (65%) which is 

normal since it is the main component of the +TV4E platform while the mobile application 

serves as a complement to the TV. However, the results reveal that, on average, a considerable 

number of videos (30%) were watched using the mobile application, which suggests that the 

users found this new feature of the +TV4E platform useful, which was later confirmed by the 

interviews and the focus group. It is also interesting that the library was used much less to 

watch videos (5%) considering it features very similar functionalities to the mobile application. 

This discrepancy can potentially be explained because the users found it easier to navigate their 

videos using the touch interface of the mobile application, or because when they are watching 

the TV broadcast then do not want to interrupt it to browse the video library. 

Furthermore, it was possible to compare the most popular hours to watch videos on the TV 

(Figure 16) and on the mobile application (Figure 17), which are represented in the following 

histograms: 
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Figure 16. Videos seen on TV histogram 

 

Figure 17. Videos were seen on the mobile histogram 

 

Despite the number of number videos watched on the TV being three times the number of 

videos watched on the mobile application, the most popular times were very similar for both 

viewing methods. These results suggest that users mostly used the mobile application in tandem 

with the ITV application, which means they mostly used the mobile application while they 

were watching TV, instead of using it as standalone device outside their homes. This goes 

against the data gathered with the first sample which pointed to the mobile application being 
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most useful when the users are away from their TVs, however it can be due to the fact that the 

users did not have enough time to make a habit out of using the +TV4E platform and often 

remembered to use the mobile application while they were receiving videos on their TVs. 

5.3.2.2 Interviews 

In the final day of field testing the users were interviewed regarding their experience with the 

+TV4E mobile application, these interviews used the same questions as the first sample’s focus 

group for the sake of comparison with the previous results, which inquired the participants 

regarding their user-experience with the mobile application and asked for suggestions to 

improve the current prototype.  

1. Did you consider that the +TV4E mobile application could be an added value for you to 

stay informed? 

• “It is very interesting and could be used on a daily basis, however, it greatly depends 

on the technological prowess of the senior.” 

•  “It is useful to stay informed since I always have my phone with me.” 

• “The mobile application should include a greater number and variety of news.”  

• “It is a good way to stay updated on the news.” 

2. Do you consider that being able to access the +TV4E platform outside your home is useful? 

• “It is useful being able to access the +TV4E platform outside my home.” 

•  “It would be useful for most people.” 

• “If you have internet access outside your home it is a good way to stay informed.” 

• “Being able to access the +TV4E platform outside my home is the biggest advantage 

of the mobile application.” 
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3. Do you think that the mobile application should include more information, such as weather 

forecasts? 

• “It should focus only on news content.” 

• “It could include information regarding the weather and taxis.” 

• “Yes, it should include information about cultural events happening near me.” 

• “It does not need any more content.” 

4. Do you consider useful having the “Recommended Videos” list? 

• “Recommended videos are a useful feature since they provide me with more news.” 

• “The recommended video list it's very interesting.” 

• “They are a nice addition since they are not available on the television.” 

• “It is a very important feature and makes it more interesting.” 

5. Did you have any problems navigating in the application? 

• “Did not have problems navigating the application.” 

• “Had no problems navigating the application, however, I think the application should 

come with an instruction manual.” 

• “Had no problems navigating the application.” 

• “The mobile application was easy to use.” 

6. Did you have trouble reading the text in the application or understanding the iconography? 

• “Did not have any problems, it was very intuitive to use.” 

• “Font was easy to read, did not have any problems.” 
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• “Had no problems reading the text or understanding the icons.” 

• “The icons were easy to understand and the text big enough to read.” 

7. Did you find the voice commands useful? 

• “I found them useful since I was already used to google assistant.” 

• “Sometimes it was useful, however, it didn’t always work properly.” 

• “I did not use them very much.” 

This most significant takeaway from the results of these interviews was the absence of 

complaints in regard to the navigation and interface, which were predominant with the previous 

focus and suggest the changes made to the second prototype addressed most of the issues the 

users found in the application. Furthermore, it is very positive that this second sample after 

testing the application for a longer period of time still considered it a useful component of the 

+TV4E platform and found its portability an important asset.  

The “Recommended Videos” tab remained a welcomed addition to the platform since it gave 

the users a bigger sense of control over the platform. The issue that further divided users were 

the need to include more information in the application, where half of them stated it should 

only include the informative videos the other half claimed it should include content regarding 

the weather, taxis and cultural events. This can potentially be addressed by including the 

required information in a way that does not interfere with the current contents, or by including 

this information in the form of videos which would blend with the informative videos.  

Finally, the voice commands were not very popular during the field trials, aside from one user 

who was already accustomed to using them previously, which suggests this feature needs more 

work in the future in order to be more appealing to the senior population. 
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5.3.2.3 SAM 

The SAM scale was applied at the of the interviews. Figure 18 integrates the mean average 

score obtained for each item. 

 

Figure 18. Second Phase Self-Assessment Manikin results 

The results obtained in this second SAM show a significant improvement in the “Dominance” 

item, increasing the average by 1.8 points, which can be attributed to the various improvements 

and fixes made to the first prototype, which aimed to address the biggest complains the users 

had regarding the navigation in the application. The “Pleasure” item remained roughly the same 

when compared to the first SAM, dropping from an average of 8.4 to an average of 8.2, while 

the “Arousal” dropped from an average of 8.6 to an average of 7.8, which can be attributed to 

the fact that the second sample group tested the application for a much longer period of time 

and therefore could not maintain the same motivation throughout the duration of the field tests. 

The results suggest that the overall changes improved the usability of the mobile application. 

5.3.2.4 Focus group 

Finally, the users were gathered for a closing focus regarding their experience with the +TV4E 

platform, as mentioned previously only the last two questions of the focus group are considered 
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for the purpose of this study, which inquired the participants regarding which aspects they liked 

or disked about the mobile application and asked for suggestions to improve the current 

prototype.  

The participants found that despite the mobile application being more practical than the ITV 

application its usage will greatly vary depending on the of senior using the +TV4E platform, 

implying that only seniors who are already familiar with mobile applications or are willing to 

learn will make use of it. The biggest advantage of the mobile application was being able to 

watch informative anywhere at any time. They also stated that the smartphone was their 

preferred way to look for informative videos they wanted to watch or that caught their attention 

while watching TV, therefore the mobile application somewhat replaced the role of the video 

library as a way to catch-up on content they did not watch on the TV. The ability to use the 

smartphone to watch videos on the TV was praised for the previous reason when the users 

where at home they rather search for a video on their smartphones and then watch it on the big 

screen. Aside from the inclusion of more information in application, the only suggestions were 

the inclusion of push notifications to notify users when a new informative video was available, 

which the users stated would be a good way to remind them to use the mobile application more 

often and the addition of an offline mode, so that users could still use the application when they 

did not have access to the internet. 
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6. Conclusions and Future Work 

Developing software that caters to needs of the senior population is a process that requires their 

direct collaboration, by following a participatory design philosophy it was possible to vastly 

improve the initial proposal of both the iTV video library and the mobile application, and cater 

both its design and functionalities to its target audience. Although it is not possible to address 

the concerns of every senior by keeping the general interface and interaction paradigm simple 

it is possible to reach a broad audience of older adults. 

Regarding the video library, the first phase of testing proved to be successful since it was 

possible to determine which was the best way to present the videos to the users. The 

participatory design was paramount in this phase, especially since the obtained results were not 

at all expected in the first place. The chosen layout (Figure 5) was actually the least popular 

among the +TV4E research team, since it was the most simple proposal and presented the least 

amount of information to the users. However, these characteristics were praised by the testers, 

which unanimously preferred the simpler layout. 

The field trial results were also very positive since during the field trials it was the preferred 

method for watching videos, which suggests that this addition to the iTV application was well 

received by the users. However, there is still room for improvements when it comes to the 

video library.  

In the future it is worth considering the inclusion of sound in the video library, specifically the 

addition of sounds when switching between cards and lists. This would provide the users with 

an auditory reinforcement to make it clear they changed between cards or lists and would also 

address one of the problems raised by some participants. 

When it comes to the mobile application, the results obtained in the field trials revealed that 

many of the issues present in the initial prototypes were fixed since the data gathered in the 
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second phase of tests pointed towards higher levels of usability in the prototype. However, it 

was possible to identify several aspects that could still be improved or added in future versions 

of the mobile application.  

Notifications were a feature suggested by some users that were not explored in the first 

prototypes of the application. Despite not being implemented due to lack of time, notifications 

were considered as a way to remind the users to watch videos they missed in television or to 

alert them that new recommendations are available in “Recommended” tab. Additionally, the 

users stated that it would be a suitable way to remind and motivate people to use the mobile 

application and not just the ITV application, so this feature will be considered for future tests 

which would be used to assess the frequency of these notifications and what information should 

be notified. 

The voice commands were a small feature included to test new ways for seniors to interact with 

the ITV application, therefore this functionality was very limited since it only allowed to 

change the TV channels and access the video library. Going forward, the team wants to explore 

this feature in new ways in order to fully integrate it with the +TV4E platform, for example by 

allowing the user to ask for specific videos or search TV channels by content, thus giving the 

users new ways to interact with the TV. 

Currently, the mobile application was developed to run on Android smartphones, however, to 

make it more accessible the application also needs to be available for iOS to accommodate 

iPhone users. Additionally, a version adapted for tablets would also be interesting since several 

users who participate in this study reported to use a tablet regularly and some even reported to 

use it more often than their smartphones due to the bigger screen size. 

Lastly, an offline mode is also being considered, since currently the application constantly 

requires an internet connection for all its features and some users pointed this issue as a weak 
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aspect since they report that they are not always connected to the internet. Although this issue 

being reported as an inconvenience, it is not at all possible to completely make the application 

work as planned in offline since the +TV4E platform is constantly generating new informative 

content which needs to be updated at least daily. However, a potential solution to minimize this 

problem could be having the application download the informative videos to the device when 

it is connected to the internet, thus allowing users to watch them whether they are connected to 

the internet or not. 
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