
Middlesex University Research Repository
An open access repository of

Middlesex University research

http://eprints.mdx.ac.uk

Mistry, Kajal (2022) Smart technologies and beyond: exploring how a smart band can assist in
monitoring children’s independent mobility & well-being. Masters thesis, Middlesex University.

[Thesis]

Final accepted version (with author’s formatting)

This version is available at: https://eprints.mdx.ac.uk/36757/

Copyright:

Middlesex University Research Repository makes the University’s research available electronically.

Copyright and moral rights to this work are retained by the author and/or other copyright owners
unless otherwise stated. The work is supplied on the understanding that any use for commercial gain
is strictly forbidden. A copy may be downloaded for personal, non-commercial, research or study
without prior permission and without charge.

Works, including theses and research projects, may not be reproduced in any format or medium, or
extensive quotations taken from them, or their content changed in any way, without first obtaining
permission in writing from the copyright holder(s). They may not be sold or exploited commercially in
any format or medium without the prior written permission of the copyright holder(s).

Full bibliographic details must be given when referring to, or quoting from full items including the
author’s name, the title of the work, publication details where relevant (place, publisher, date), pag-
ination, and for theses or dissertations the awarding institution, the degree type awarded, and the
date of the award.

If you believe that any material held in the repository infringes copyright law, please contact the
Repository Team at Middlesex University via the following email address:

eprints@mdx.ac.uk

The item will be removed from the repository while any claim is being investigated.

See also repository copyright: re-use policy: http://eprints.mdx.ac.uk/policies.html#copy

http://eprints.mdx.ac.uk
https://eprints.mdx.ac.uk/36757/
mailto:eprints@mdx.ac.uk
http://eprints.mdx.ac.uk/policies.html#copy


1 
 

 
 
 

Smart technologies and beyond: 

Exploring how a smart band can assist in 

monitoring children’s independent mobility & 

well-being 

 

 

A thesis submitted to Middlesex University for the partial fulfilment degree of 

Master of Computing (by Research) 

 

 

Kajal Mistry 

M00568756 

km1288@live.mdx.ac.uk 

 

Middlesex University 

School of Science and Technology 
The Burroughs 

Hendon 

NW4 4BT 

London, United Kingdom 
 

October 2021 
  

mailto:km1288@live.mdx.ac.uk


2 
 

Abstract  

The problem which is being investigated through this thesis is not having a device(s) or 

method(s) which are appropriate for monitoring a child’s vital and tracking a child’s location. 

This aspect is being explored by other researchers which are yet to find a viable solution.  

This work focuses on providing a solution that would consider using the Internet of Things for 

measuring and improving children’s health. Additionally, the focus of this research is on the 

use of technology for health and the needs of parents who are concerned about their child’s 

physical health and well-being. This work also provides an insight into how technology is used 

during the pandemic. 

This thesis will be based on a mixture of quantitative and qualitative research, which will have 

been used to review the following areas covering key aspects and focuses of this study which 

are (i) Children’s Independent Mobility (ii) Physical activity for children (iii) Emotions of a 

child (iv) Smart Technologies and (v) Children’s smart wearables. This will allow a review of 

the problem in detail and how technology can help the health sector, especially for children. 

The deliverable of this study is to recommend a suitable smart band device that enables location 

tracking of the child, activity tracking as well as monitoring the health and wellbeing of the 

child.  

The research also includes an element of practical research in the form of (i) Surveys, the use 

of smart technology and a perspective on the solution from parents. (ii) Focus group, in the 

form of a survey allowing opinions and collection of information on the child and what the 

parents think of smart technology and how it could potentially help with their fears. (iii) 

Observation, which allows the collection of data from children who were given six activities 

to conduct while wearing the Fitbit Charge HR. The information gained from these elements 

will help provide guidelines for a proposed solution. 

In this thesis, there are three frameworks which are about (i) Research process for this study 

(ii) Key Performance Indicators (KPIs) which are findings from the literature review and (iii) 

Proposed framework for the solution, all three combined frameworks can help health 

professionals and many parents who want an efficient and reliable device, also deployment of 

technologies used in the health industry for children in support of independent mobility. 

Current frameworks have some considerations within the technology and medical field but 

were not up to date with the latest elements such as parents fears within today’s world and the 

advanced features of technology.  
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1. Introduction  

IoT (Internet of Things) has provided many solutions for problems that have resulted in new 

experiences that have made lives easier. For example, the Oura ring can detect COVID 

symptoms to make sure the person is aware and can take suitable actions from the result and 

many more applications of IoT which can be found within 3.6 Existing theories in IoT. 

IoT can also help make tracking children’s activity easier as well as improve the issue of 

independent mobility for children without the need of a parent or guardians worrying too much 

about the safety of their children. The positive effects of independent mobility can have 

affected a child’s wellbeing, as studies have shown and will be discussed in this research. 

The problem with being able to track and monitor a child’s vitals is a problem and has raised 

many questions for parents and guardians and developers of many wearable technologies (Dias 

& Cunha, 2018) and (Matam & Duncan, 2018). 

Independent mobility is a particularly important subject when it comes to a child’s health. Since 

there are problems with tracking a child’s location, there is no solution for precise location and 

monitoring a child’s vitals in the same device (Haisnoff, 2016). 

The more technology enhances, the quicker solutions can be found for challenges. Regrettably, 

this problem has been researched but has not yet found a viable solution with the IoT area and 

this research aims to provide an amicable solution, through researching and propose a device 

and methods. Therefore, for satisfactory tracking and monitoring of a child, advanced 

technology methods need to be reviewed for combining both features into a wearable 

technology used for a child, so it can safe and durable for a child’s daily wear. Child 

Independent Mobility is particularly important and is the subject of this thesis. 
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1.1 Aims, Objectives & Research Question 

The research aim is to investigate how technology has changed the perspectives of parents and 

guardians of the young dependents, in terms of how it has been easier to keep track of their 

location and wellbeing of their child.  

The objectives of this research are:  

• Investigating the impact of using wearable technology with children – This aspect of 

the research will focus on determining benefits and drawbacks from the use of certain 

wearable technology such as the use of monitoring vitals of the user. 

• Investigating the impact of using wearable technology on a child’s independence – This 

aspect of the research will focus on determining how a child’s independence could 

benefit from using technology.  

• Identifying factors of accurate assessment of health and wellbeing of a child – This 

aspect will focus on researching an efficient way of accurately measuring and 

monitoring the health and wellbeing of a child, to be able to enhance accurate 

information. 

• Classifying a method for precise location tracking which allows safe independent 

mobility for children – This aspect of the research will investigate the use of different 

location tracking techniques for tracking the location of a child. 

• Experimenting with biometrics which helps measure the wellbeing and emotions of a 

child – This aspect will allow determining the use of which biometric is the best for 

monitoring wellbeing and emotion. 

 

These five objectives will be considered for the proposed solution. By combining the above 

objectives, the following research question has been formed and will be attempted to answer 

the research question: “How can technology be beneficial in helping Children’s 

Independent Mobility (CIM) and health?” 

1.2 List of contributions  

The main list of contributions presented in this thesis include: 

1. To provide an up-to-date review of smart technology. 

2. To find a suitable smart band for location tracking of the child, health, and wellbeing 

of the child. 
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3. To provide a correlation between independent mobility during the pandemic and before 

the pandemic. 

4. To include an analysis of findings and research for the smart band. 

5. To propose a solution or guidelines for parents/guardians, their child and professionals 

such as dietitians for independent mobility and physical activities. 

1.3 Methods  

This study will be based on different methods that will be based on both quantitative and 

qualitative approaches, which includes reading research articles, journals plus books for 

relevant information about wearable technology, the fitness of children and the ability of 

independence. By merging these methods below, a better understanding of the problem in all 

aspects will be researched to solve this problem.  

The research process followed will be discussed in-depth in 4. Methodology involves the 

following stages: 

• Literature review – This stage provides a review of the existing technology and 

existing theories and concept devices. The result of this stage is to provide a reflective 

analysis of smart technologies and a comparative analysis of the smart band.  

• State of the art review – This stage will provide a discussion on the impact of smart 

technologies on tracking location and wellbeing. The main deliverable is a review of 

current technologies with emphasis on how they affect specific people. 

• Feedback from parents/guardians’ perspectives of the smart wearables – This 

stage summarises the perspectives of parents/guardians on the idea of the smart wrist 

technology as well as their expectations of the technology. This is required as the 

parent/guardian are the main users that will be using the tracking feature and biometric 

features when the data is collected from the device.  

• Feedback from households on the smart device uses – This stage provides insight 

from different members of the household through exploring views, concerns, practices, 

and experiences of the use of technology before and during the pandemic and contesting 

the idea of ‘screen time’ as a catch-all category, how people, in general, engage with 

different devices.  

• Focus group – Using a Qualtrics survey, the information will be collected on the 

technology habits of the parents and children, including a summary of their child’s 

independent mobility and their health and wellbeing. 



15 
 

• Observation - The dependants will be wearing an existing device for at least 1-3 hours 

to be able to collect sufficient data, while they do several activities provided to analyse 

their activity. The collection will occur at the participant home or where suitable with 

the parent present.   

• Feedback from parents/guardians and child about the overall smart band this will 

provide insight on the use of the device and feedback of features and functionality. This 

is required to see if the aims have been met for this research.   

 

  



16 
 

1.4 Organisation of thesis 

This thesis will be organised into six chapters and the remaining ones are: 

Chapter 2  

This chapter consists of an overview of published literature on how a Child’s Independent 

Mobility is affected by a range of factors to do with health, wellbeing and the impact of 

technology. A summary of different influences which need to be considered when choosing 

the right technology and applications to allow accurate and precise data for monitoring and 

tracking children’s wellbeing and independent mobility. This thesis will also provide insight 

into choosing the right device. The emphasis in the literature review is on published work in gap 

concealment which is the focus of this thesis. 

 

Chapter 3   

This chapter provides an overview of published literature on the impact of the Internet of 

Things (IoT) on Children’s Independent Mobility (CIM). Several approaches and methods of 

how monitoring and tracking are used by IoT to help provide a viable solution for Children’s 

Independent Mobility. IoT has a wide range of uses such as medical, education, clothing, and 

gaming. The benefits and drawbacks of various methods and technology are discussed. Also, 

why some methods and devices were selected for developing the methodology for this research.  

Chapter 4  

This chapter presents the methodologies, theory and applications used within this thesis. 

Moreover, an overview of the research studies which were conducted to help provide a better 

understanding of how IoT can support Children’s Independent Mobility and the health of a 

child. The different methods of data collection and analysis will be discussed in this chapter. 

This chapter includes a comparison of how data is normally collected and how it has been 

affected by the pandemic. This section gives a brief discussion of how technology and habits 

have changed during the pandemic.  

Chapter 5 

This chapter entails three conceptual frameworks which are based on the literature review and 

data collection which are from various methods used within this thesis. The three frameworks 

are: (i) Research process for this study (ii) Technology KPIs to improve Children’s safety and 

well-being and (iii) Children's Independent Mobility & Health Assisted Smart Technologies 
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(CIMHAST). The frameworks for this thesis are illustrated and discussed in detail within this 

chapter. 

Chapter 6 

The final chapter completes the work covered within this thesis, which reviews the methods 

and results presented from other chapters. The discussion inside this chapter provides a solution 

for the problems outlined for Children’s Independent Mobility. Furthermore, future works 

detailed and proposed in this research are within this chapter.  

 

Figure 1 illustrates the above text within three main stages of the thesis and where each chapter 

falls within the three stages. 

  

Figure 1- Organisation of Thesis 
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2. Literature Review  

This chapter provides an overview of the published literature on the tracking of children’s 

activity tracking for children`s independent mobility (CIM).  

2.1 Children’s Independent Mobility  

A child’s independent mobility is important as it refers to the freedom to move around without 

adult accompaniments. Some of the activities include free play or an active way to school and 

other destinations such as nearby neighbourhoods by walking or cycling (Bennetts, et al., 

2015). Having independent mobility helps the child gain “responsibility, sense of identity, 

confidence, knowledge about the local environment and social skills” (Hillman, 2000). By 

participating in such activities, children can gain more independence, including independent 

travel. This provides a key opportunity for interventions, promoting independence, physical 

activity, and social and emotional development (Brown, et al., 2008). Globally, physical 

inactivity is a concern, and children’s independent mobility (CIM) may be an important target 

behaviour for addressing the physical inactivity crisis. 

2.2 Influences on Children’s Independent Mobility  

The sections below are a review of the factors that were mentioned in most of the CIM 

literature. The factors that were mentioned which can impact independent mobility such as (i) 

Age and Gender, (ii) Perceptions of Safety, (iii) Social and Environmental Issues, and (iv) 

Child’s Competence. 

2.2.1 Age & Gender   

Age is a key factor for parents, allowing permission has both increased from 7-8-year-olds and 

in 10-11-year-olds (Shaw, et al., 2013). Figure 2 shows that ages affect whether children are 

allowed out alone, whether they will be accompanied and at what time of the day (Vlaar, et al., 

2019). 

Figure 2 - Percentage of children allowed out independently by year group and gender (Mackett & 

Paiskins, 2008) 
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A report from Crawford et. al (2015) indicated parents have started allowing children to play 

and travel to the community without adult supervision from primary school. 11- 13-year-old 

children moved from quite limited independence to too much independence. For example, 9-

year-old children were allowed to do an average of four to five activities independently and 

almost all 9-10-year-old children (96%) were allowed to play in their garden without adult 

supervision.  

Gender is also another issue that has occurred during research. Figure 3 shows a graph from 

Crawford et.al 2015, which shows the trips made to the school by children independently by 

walking, cycling or public transport. It depicts that as the child gets older, more independence 

is given. Boys had altogether increasingly independent outings to school contrasted with girls 

and children in provincial and local territories had fundamentally more free excursions to class 

than kids in metropolitan zones. 

2.2.2 Safety  

Parents and children raised various security concerns about children’s independent mobility 

shown in Table 1. Every year thousands of children go missing in Europe following a range of 

situations linked to abuse, violence, neglect, conflict, and poverty (Missing Children, 2018). In 

2018, around 91,655 calls related to missing children were answered by hotlines across Europe 

(Missing Children, 2018). Parents were worried about strangers approaching and or potentially 

abducting their child, as well as their child being potentially harmed in rush hour gridlocks 

(Bennetts, et al., 2018).  

Figure 3 - Number of independent activities (range 0-15) children are allowed to do by child age, child gender and 

geographic location. (Crawford, et al., 2015) 
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Table 1- Snapshot of Missing Children (ICMEC, 2019) 

 

Table 1 shows statistics from the International Centre for Missing and Exploited Children 

(ICMEC) which highlights the scale of the problem of missing children. In many countries, 

statistics on missing children are not even available. Available statistics may be inaccurate due 

to under-reporting/under-recognition, incorrect database entry of case information, and 

deletion of records once a case is closed (ICMEC, 2019). Figure 4 depicts that children in 

Finland have the most opportunity to travel freely, followed by Germany, Norway, Sweden, 

Japan, and Denmark. Less freedom of movement was found in France, Israel, Sri Lanka, Brazil, 

Ireland, and Australia. The lowest levels of independent mobility were registered in Portugal, 

Italy, and South Africa. Cultural attitudes and behaviour, legal requirements, or road traffic 

rules and legislation of a country may affect these mobility licenses (Shaw, et al., 2015). 

 

 

 

 

 

 

 

 

 

 

 

One of the main problems with giving children independence of mobility is dangerous 

interactions with strangers. Child abductions by the conventional stranger are 'exceptionally 

Country Figures (per year): 

Jamaica 1,984 

Australia 20,000 

Spain 20,000 

Canada 45,288 

India 96,000 

Germany 100,000 

United Kingdom 112,853 

Russia 450,000 

United States 460,000 

Figure 4 - The overall ranking of children’s independent mobility (Shaw, et al., 2015) 
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uncommon’ (Shutt, et al., 2004) but where abductions do happen, they are bound to be on 

account of a relative (e.g., offended parent) or associate. Nonetheless, news of children 

abductions has been broadcasted by the media globally and prolifically, and parents have 

become overly attuned to the extreme examples of child abduction and harm (Foster, et al., 

2004). A study by Foster et al. (2004) found that children were more concerned about being 

attacked and confused about who to trust.  

Bennetts et.al (2018), Leung & Loo (2017), and Crawford (2015) have highlighted instances 

where parents were stressed over strangers approaching and or potentially abducting their 

child, and they were additionally worried about their child being harmed in rush hour 

gridlocks. While few children reported being terrified about strangers, they instead worried 

about getting lost, being harassed by older children, and being assaulted by animals (for 

example, dogs) during their free travel and play. All sources mentioned have considered 

multiple factors such as child, family, community, and neighbourhood characteristics. 

Figure 5 shows child abductions within England and Wales from 2002 to 2019. There were 

approximately 1,200 child abduction offences recorded by the police in England and Wales in 

2018/19, an increase of 61 when compared with the previous year. This has doubled since 

2012/13 when there were only 513 of these types of offences. 

Bennetts et.al (2018) has conducted a study on 2,002 parents on “What influences parents’ 

fear about children’s independent mobility”. This piece found that social and neighbourhood 

fears were the most influenced parent’s decisions regarding their child’s mobility. Parents 

were less fearful of the danger posed by strangers when benefits of independent mobility 

Figure 5 - Number of child abduction offences in England and Wales 2002-2019 (Statista, 2019) 
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were identified; this allowed parents to believe that their child has the skills to travel safely 

and encouraged the child’s independence.  

Leung & Loo (2017) disclosed a study that consisted of 393 primary school students at two 

selected schools, through face-to-face questionnaires. The main findings highlighted that 

most children’s journeys associated with school and scheduled activities were completed on 

foot or by public transport also “with over 80% accompanied by an adult.” Children 

engaging in active transport rated their journeys as ‘happier’ than those using motorised 

transport. Accompanied children also rated their journeys as ‘happier’ than their 

unaccompanied counterparts. 

The study taken by Crawford (2015) has determined the association between parental fear 

and children’s independent mobility for a representative sample of primary school-aged 

children. The focus group which had been piloted with children and parents highlighted the 

complexity of independent mobility for children. “Children’s levels of independence varied, 

particularly in the transition from primary to secondary school. Multiple factors, such as 

child, family, community, neighbourhood characteristics, including concerns about personal 

safety, informed parents’ decision making around their child’s independence” (Bennetts, et 

al., 2015).  

2.2.3 Social & Environmental Issues   

Social and environmental issues include road accidents with pedestrians. Table 2 is from the 

World Health Organisation (WHO), and it shows that a great proportion of road accidents are 

to do with pedestrians. Peru had the most percentage of road deaths in the world. WHO has 

suggested this may be due to the disparity between high, medium, and low household 

incomes statuses. According to the WHO, road traffic accidents are the leading cause of death 

for young people aged 5 to 29 – especially in developing countries.  
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Table 2- Road Accidents around the World (Guardian, 2019) 

Country Road deaths (reported) 

Per 100,000 

Pedestrians (% of total road 

deaths) 

Peru 12.6 78% 

Mozambique 9.1 68.1& 

El Salvador 21.8 63.1% 

Democratic Republic of 

the Congo (the) 

0.6 59% 

Ukraine 21.5 55.7% 

Ethiopia 2.9 54.8% 

Bangladesh 2.6 53.7% 

Zambia 13.8 49.8% 

Kenya 10.0 47% 

Panama 12.7 46% 

 

Another fear that parents had raised was the road safety or area in the neighbourhood in 

different countries, neighbourhood friendliness, sense of community, and the accompaniment 

by friends or siblings (Foster, et al., 2004). Also, physical areas where the children may live 

will affect them too, for example, city traffic and pollution (Alparone & Pacilli, 2012). 

Pollution can cause numerous problems if a child breathes in high levels of air pollution for a 

long period. Asthma and lung cancer are two illnesses linked to long term exposure to pollution 

(British Lung Foundation, 2020). 

Smith et al (2019) investigated the link between the thoughts of parents on the neighbourhood 

environment and how it relates to the permission given to allow children the right to gain 

independent mobility. They have found that parents and children have felt more reassured 

about independent mobility when they knew people in the neighbourhood and was familiar 

with the surroundings. The independence was determined by family members and friends in 

the local community, for example in areas where parents and children knew and trusted the 

neighbours. Also, the fact that new people who moved from different countries recently raised 

a concern as they were not yet familiar with the neighbourhood. language is another barrier to 

independent travel and play (Smith, et al., 2019). 

All sources mentioned for this section on children’s independent mobility all suggest similar 

factors which parents need to consider when allowing independence of mobility for their child. 

Children’s independent mobility is a key part of a child’s general physical movement as 

evaluated and shown in case studies, as seen in the ones listed above. Improving interest in 

physical activity has wellbeing and social advantages for children. A wide scope of significant 
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issues, requiring a staggered approach that thinks about the individual, family, social and 

network, constructed condition, and administrative settings. 

2.2.4 Child’s Competence  

For a child to be competent, the child should be able to cope with emotional challenges 

depending on their age being able to complete and emerge with great confidence in a different 

stage of development. 

A child’s knowledge of road safety and the neighbourhood is highlighted as a key factor of 

independent mobility. Crawford et.al (2015), Shaw et.al (2013) and Bennetts et.al (2018) 

highlight that the main concern from parents is the lack of resources and lack of teaching in 

schools about road safety along with the confidence of putting the skills learnt into practice.  

Many primary and secondary schools educate children from an early age about road safety but 

due to funding cuts and lack of resources, this has been declining (Smulian, 2019) and (Honest 

John, 2019). Some schools may discuss road safety in assemblies where teachers may be given 

an hour or to show examples using students on the dangers of road safety. Parents have also 

been given several resources from schools to allow them to be taught at home where parents 

can they are several lesson plans, films and games children can take part in depending on their 

age starting from the age of 6 till 16-year-olds. THINK which is a project is a good example of 

how children can learn road safety with resources for different ages.  

Figure 6 - Survey result from (Shaw, et al., 2013) showing parental fear when their child is 

involved in an accident in different countries 
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Parents can put these skills into practice with the child walking to school or the local shops. A 

study conducted by Shaw et al (2013) shows that when children are only being taught skills 

and not being able to practice them in a safe space, they find it difficult to put them into practice 

and are unable to recognise some potential hazards that which may occur. Therefore, it was 

discovered that 70% of children have a sense of safety when they roam around in the city on 

foot; yet 13% of them perceive this situation as quite unsafe. The streets were seen as hazardous 

due to high levels of traffic (40%), disregard for traffic guidelines (31%), and street insecurity 

in general (20%) (G Harland, 2003). It has been likewise seen that children see safety and 

wellbeing in their environments when favourable measures for pedestrians are implemented, 

for example, wider walkways. In different situations, children realise different environments 

as ‘safe’ spaces, however, there are numerous ecological components and elements identified 

with road traffic that must be addressed to improve both the safety recognition for road safety 

for children. 

2.2.4.1 Social Competence  

Social competence allows a child to develop skills such as social, emotional, and cognitive 

skills and behaviours to be able to adapt to the social environment (Brendgen, et al., 2004). 

Social competence includes several factors such as social skills, social awareness, and self-

confidence. Social skills showcase the knowledge of the child and the ability to use a variety 

of social behaviours in an appropriate situation. Emotions allow children to understand other 

people’s emotions and demonstrate their emotions, allowing them to become more socially 

aware. Social competence is a term used to depict a child’s social adequacy. It characterizes a 

child’s capacity to build up and keep up the high standard and commonly fulfilling 

relationships. Social abilities and emotional intelligence. 

Increasingly with age, peers rather than parents become preferred companions, providing 

important sources of entertainment and support. In the context of peer interactions, young 

children engage in fantasy play that allows them to assume different roles, learn to take another 

person's perspective, and develop an understanding of the social rules and conventions of their 

culture. For example, if a child gets lost on the way to school or from school, they should be 

able to ask someone who looks trustworthy to help them out. Parents and guardians are the 

essential part of social and emotional support for children during the first years of the child’s 

life, yet in later years peers start a significant role in a child’s social-emotional development. 

Progressively with age, children instead of parents/guardians become ideal companions, giving 

significant important sources of support (Boules, 2017). 
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Demonstrated within this literature review social competence has been highlighted as a key 

factor for this study and regards to Children’s Independent Mobility. Not including this factor 

for the proposed framework will not be regarding the importance of how it could affect the 

health and mental well-being of a child and affect the child mentally and development against 

other children. 

As detailed within this subsection (2.2 Influences on Children’s Independent Mobility) the key 

factors included the following: Age & Gender, Safety, Social & Environmental issues, and a 

child’s competence. Without these factors, the proposed framework will not be regarding the 

importance of: 

• Age has been concluded as an indicator in this study and will be included in the 

observation stage where children ranged from 3- to 10-year-olds will be used to assess 

any issues with the child using age and gender. 

• Safety will need to be reviewed as it will help investigate safety features and functions 

on the device that is used within this research. Additionally, the question asked in this 

section about how independent their child is with walking from place A to place B is 

also answered. With perspectives from parents within this section from the literature, 

this will help to assess what parents think of problems or worries for the aspect of social 

and environmental issues. 

• Social and Environmental is an aspect where it has been highlighted as one of the fears 

of parents and safety precautions will need to be investigated within the device used. 

• A child’s competence is a consideration as these sections provide an insight on what 

parents restrict their child on depending on the child abilities as they are a “gatekeeper” 

of the child. 

2.3 Children’s health and well-being  

As highlighted in 2.1 Children’s Independent Mobility, children’s health and well-being are 

affected. Below is a review of the factors that were mentioned in the literature. These factors 

were mentioned in many sources which were reviewed and mentioned in this section of the 

thesis. The factors that were mentioned which could impact on health and well-being of a child 

such as (i) Physical activity, (ii) Vitals of a child and (iii) Psychosocial1 problems. 

 
1 The psychosocial approach looks at individuals in the context of the combined influence that psychological 
factors and the surrounding social environment have on their physical and mental wellness. 
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The World Health Organisation (WHO) defines health as “not merely the absence of disease 

or infirmity but a state of complete physical, mental and social well-being” (Health Knowledge, 

1980). Good health and wellbeing for young children mean that they lead healthy lifestyles, 

are physically, mentally, socially, emotionally, spiritually, and environmentally healthy (NHS, 

2017). Some of these factors as demonstrated in Figure 4, are the same ones relating to 

children’s independent mobility. “Healthy lifestyles from a young age provide a firm 

foundation for later life, whereas illness and deprivation cast long shadows forward” (Meggitt, 

2001). As a principle applied to practice, health and well-being matter since it shows that others 

are conscious of what society thinks about every individual (The Early Years Foundation Stage, 

2007). 

 2.3.1 Physical activity  

Especially for children, active and independent travel can contribute to physical activity, social 

and motor development, and other health-related outcomes. A reduced number of children 

engaging in independent mobility over the last 20 years (Marzi & Reimers, 2018) demanded 

researchers to further examine the construct of children’s independent mobility. Altered 

societal and living conditions, built environmental progress and an increased motorization 

ability for the brain and wellbeing worries from parents are all reasons for changes in children’s 

travel behaviour and these show genuine physical natural changes which limit children to be 

independent (Barker, et al., 2009); (Marzi & Reimers, 2018); (Bennetts, et al., 2018).  

“Activities such as leisure activities, family routines and communicating long distances has 

affected children mobility opportunities and activity space” (Marzi & Reimers, 2018). This can 

benefit children from being independent instead of supervised. Moreover, there are lower 

monetary costs for travelling and fewer effects of air pollution.  

Wen et.al. (2009) shows that 37% per cent of children spent less than half an hour a day playing 

outdoors after school, and 43% spent more than 2 hours a day watching TV, videos or playing 

computer games. Moreover, another survey conducted by them showed that 48% per cent of 

children were allowed to walk on their own near where they lived. Recommended by the NHS 

children from the ages of 1 and 4 should be allowed a maximum of 2 hours of physical exercise 

including outdoor play. This can range to activities such as walking, running, skipping with a 

rope, gymnastics, climbing, dance and football (NHS, 2017).  

Children’s independent mobility was significantly associated with outside play. Contrasted 

with the individuals who were never permitted to stroll without anyone else close to where they 
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lived, children who were permitted to walk alone were essentially bound to spend the greater 

part an hour daily playing outside after school (Wen, et al., 2009). Long periods of screen time 

can have significant consequences for physical movement advancement and weight prevention. 

The study likewise recommends that children's independent mobility leads to greater physical 

movement. 

2.3.2 Vitals of a child   

Corresponding health issues include the ability to monitor a child’s vitals such as heart rate and 

body temperature.  

An integrated system is proposed by Basak et al (2011) for monitoring children at a day-care 

centre to allow proper care of health issues and overall well-being of children, including early 

detection symptoms for various diseases and encouraging healthy habits and activities (Ng, et 

al., 2019). This is key as children aged 2-5 years olds are unable to express themselves clearly 

and tend to become sick easily. In the absence of timely detection of such events and proper 

treatment, a child’s health can worsen significantly (Basak, et al., 2011). 

To measure a heart rate for an adult there are two ways: one is measuring is the wrist and the 

other one is by the neck. For a child, a parent can measure it by placing a finger on the child’s 

wrist, inside the elbow, the side of the neck and on top of the foot. 

For children (2-8-year-olds) heartbeat should be between 70 and 100 beats per minute (NHS, 

2020) and for adults, a normal rate is 60 to 100 beats per minute as seen in Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 - Child's normal heart rate (NHS, 2020) 
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Another vital (Figure 8) that is important is the temperature of the child. Normally a 

measurement is different towards the characteristics which indicate the person suffering from 

certain colds or a disease. The normal human body temperature is known as normothermia. 

Hypothermia is when the body temperature falls below the required for normal metabolism and 

hyperthermia is when the body produces more heat (NHS, 2020). Figure 8 shows what the 

temperatures should be ranging for babies until adulthood. 

 

 

 

 

 

 

 

  

Figure 8 - Body temperature range for a child (NHS, 2020) 
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2.3.3 Psychosocial problems 

Situations that advance more prominent free versatility in children may expand their physical 

activity levels and thus lessens their danger of obesity. 

2.3.3.1 Obesity 

Physical activity is important for childhood health and well-being (Fyhri & Hjorthol, 2009). 

Physical activity from daily travel and the lack of activity will lead to increased weight and the 

chance of getting obese (Torsheim, et al., 2004). 

Figure 9 shows children aged 2- 4-year olds who are overweight based on the World Health 

Organization’s (WHO) the map is filtered to show certain countries which are previously 

mentioned in Table 1 (on missing children). 

The figure shows that in many of the countries, every third child is overweight (Ritchie & 

Roser, 2020). In this chart, as it is hard to identify a child’s health, obesity and overweight were 

measured based on the child’s body mass index. Weight categories are defined on the WHO 

growth standards as – “a child is defined as overweight if their weight-for-height is more than 

two standard deviations from the median of the WHO Child Growth Standards” (WHO, 2020). 

  

Figure 9 - Share of children that are overweight (Ritchie & Roser,2020) 
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Figure 10 shows the proportion of children meeting the recommendations of physical activity 

in three different years, the colours which are in different years. Blue is 2008, Orange is 2012 

and green is 2017. Physical activity has fallen amongst boys but slightly risen in girls. The fall 

is likely down to the failure of meeting the recommended physical activity guidelines 

mentioned in Figure 9. 

Figure 11 shows a sheet provided by the NHS for the guidance of the health of the child. This 

determines the health of the child based on weight and height. According to WHO, body weight 

and body mass index (BMI) scale are measured in the same way. Factors such as age, gender 

and sexual maturation affect the BMI of younger individuals. Percentile ranking less than 5th 

percentile is underweight, 5th-85th is considered a healthy weight, 85th -95th is overweight and 

85th and more is obese (WHO, 2020). 

A study by Stone et.al (2014) showed that children have been granted higher levels of 

independent mobility, spend less time being sedentary than those whose independent mobility 

is restricted. The independent interaction of a child with the environment while walking to 

Figure 10 - Health Survey for England 2017, NHS Digital (NHS, 2018) 

 Figure 11- Charts for Boys and Girls of growth charts for children aged 0-4-year olds (Standards, 2013) 
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school on their own provides better knowledge of environmental orientation. Mackett (2008) 

pointed out that children walk slower when they are not under adult supervision, which may 

be associated with exploring the environment and socializing.   

The benefit of Children’s Independence Mobility on children’s mental health is another 

important aspect to mention. Mobility restrictions such as parental supervision while walking 

limit children’s physical activity. This physical inactivity could furthermore elevate the risk of 

depression. A case study in Hong Kong considering brief impacts on children’s wellbeing 

during travel demonstrated that children participating in transport appraised their excursions 

more joyful than kids who utilized mechanized transportation (Leung, et al., 2017). 

2.3.3.2 Depression  

Burrell (2013) has shown that both children’s social and enthusiastic capacities are subtle. If 

children are overprotected from horrendous social circumstances, children will have 

difficulties and have future problems with skill-building. Such children are likely to suffer more 

when exposed later to other unpleasant but ordinary life events, such as teasing and social 

exclusion (Burrell, 2013). 

Ahn (2011) highlighted the link between physical activity and mental health. Approximately 

20% of school-age children have been diagnosed with mental health or require psychological 

treatment (U.S. Public Health Service, 2018).  

The literature review in this section has demonstrated that depression is an essential factor that 

is a challenge caused by Children’s Independent Mobility. By not including this factor in the 

proposed framework the importance of the factor could affect the health and well-being of the 

child. The importance of obesity for the methodology of observation taken place with the 

children. This information can help assess the emotion and moods of the child.   

As detailed within this subsection (2.3 Children’s health and well-being) the key factors and 

issues included the following: Physical activity, vitals of a child and psychosocial problems. 

These factors/Issues are essential as the proposed framework will not be regarding the 

importance of: 

• Physical activity is an aspect where it has been highlighted as an issue for health and 

wellbeing by parents within the literature. Hence this will need to be considered when 

researching a device that can fulfil the accounting of physical activity. 
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• Vitals such as temperature and heart rate of a child regards to the effect it can cause on 

the aspect of health and wellbeing of the child. If ignored the child can become ill or 

even more ill if the condition is not detected.  

• The importance of obesity is within the methodology for the observation and the survey 

for technology use. Through measuring levels of obesity, parents and health 

professionals can help improve levels of fitness for children and help assess the emotion 

and mood of the child.   

2.4 Detection of children’s emotions  

Below is a review of the factors that were mentioned in the literature. The factors mentioned 

could be problems with detecting a child’s emotions such as (i) Development of emotions (ii) 

Social and (iii) Emotional issues.  

“Emotions are a process, a particular kind of automatic appraisal influenced by our 

evolutionary and personal past, in which we sense that something important to our welfare is 

occurring, and a set of psychological changes and emotional behaviours begins to deal with the 

situation" (Ekman, 1988). 

This suggests that emotions allow people to prepare to manage for important occasions without 

thinking about them (Ekman, 1988). These emotional reactions are an unforeseen occurrence, 

implying that people do not choose to feel them, they simply transpire naturally. All human 

emotions humans experience, seven generic emotions are universal that humans all feel. These 

are anger, contempt, disgust, enjoyment, fear, sadness, and surprise. 

 

 

 

 

 

 

 

Figure 12 is a scene from a Disney Pixar movie which is an animated movie called ‘Inside out’ 

which features emotions as characters, the characters are shown in various human-like 

Figure 12 - Scene from the movie Inside Out - (Disney, 2016) 
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scenarios such as dreams, memory, and feelings. Dr Paul Ekman was a consultant to the 

filmmakers for this movie and with his expertise about emotions and how the emotions work 

within each one of us as a human (Disney, 2016). The film can help children understand their 

own emotions and learn about emotions from this animated movie. The movie focuses on five 

main emotions anger, sadness, joy, and disgust. The film starts with showing which character 

shows which emotion and how the emotion is showed within the main character named Riley. 

Riley’s world changes as the character's family move to a different state in the US. The 

characters which show emotion are within Riley’s brain also different angles are shown the 

point of view of Riley’s family members. Which can help determine emotions for a child and 

how others may become emotional. 

2.4.1 Development of emotions  

Emotions are important as they can show how people think and behave. Emotions can help 

people make decisions about their lives, both big and small. The main components which help 

determine emotion (Blue, 2019) have stated that emotion development allows children to learn 

what feelings and emotions are, understanding how and why they happen, being able to 

recognise their feelings also other people. Young children at an early stage can develop facial 

expressions to incite responses from their parents or guardian. Children begin to feel 

fundamental feelings, for example, happiness, outrage, bitterness, and dread.  

The experience of emotion includes (Camras & Allison, 1985): 

• Physical responses, including heart rate, breathing, hormone levels 

• Feelings that children acknowledge and learn to name 

• Opinions and decisions associated with feelings 

 

Children will feel a multitude of feelings for various reasons. Sometimes children may not 

comprehend the feeling they are feeling or how to manage it. This is the place of professionals 

who can come to help (Early Years Careers, 2015). Experts can assist with showing children 

how to distinguish the feelings they are feeling, why they are feeling this specific way and how 

to communicate and adapt to these feelings. Emotional development can assist with forming 

the individual that they will develop into, but it will also affect how the child feels about 

themselves. Confidence and self-character are key to emotional development. A child should 

be in a mindful and sustaining condition where they can develop a feeling of confidence and 

positive emotional well-being. This environment will strengthen the child’s emotional 
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development, helping them to have a strong sense of self-worth and develop confiding seeing 

someone. 

A study that had been developed by Milan (2019) aims to measure emotional response by 

integrating different sources of information such as facial expressions, physiological 

measurements, psychometrics, and clinical data. The paper focuses on the facial expressions 

of emotions induced by affective stimuli in children taken from the general population (Milan, 

2019). 

Noldus (2019) have conducted an experiment using existing theory from Scaini et.al (2017) 

which consisted of 15 images that showed 15 different emotions varying from anger, fear and 

neutral emotions. These emotions are linked with the development of both internalizing and 

externalizing problems (Noldus, 2019). The experiments conducted had 61 children aged 

between 7 and 14. The children’s facial expression was recorded during the stimuli 

administration; the children were given no instructions to look for a specific type of emotion, 

so the recording attested to the spontaneous reaction of the children. The study showed 

recordings were explored using a face reader, in some cases, the face reader failed to detect a 

child’s face due to the size of the face, movements of the child, presence of glasses or hair in 

the way of the face. But the software successfully showed a strong indication of the emotional 

facial display. This experiment suggests that it is difficult to measure accurate emotion using 

technology especially using camera technology. 

Emotion has been highlighted as an important factor in the literature review when considering 

Children’s Independent Mobility. Emotion is key to the proposed framework as it could affect 

a child’s health and well-being. This will affect methodologies for the observation; emotion 

will be detected using heart rate and will be further measured from parent observation. 

2.4.2 Social & Emotional issues  

Social and emotional competencies is another issue highlighted and are increasingly being 

recognized as critical for children's success, in school as well as in other settings, and later 

phases of life into adulthood. Child development experts over different sectors (e.g., education) 

recognize the significance of positive social and passionate improvement to general children’s 

prosperity (Cooper, et al., 2009).  

Social and emotional abilities that help with school preparation have increased enormously 

(Darling-Churchill & Lippman, 2016). Research conducted shows that social aptitudes and 
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abilities (e.g., consideration and ways to deal with learning) at school are the best indicators of 

later social and enthusiastic capabilities, for example, overseeing conduct, making social 

associations, and enduring dissatisfaction with peers (Blair, 2008). 

Social and emotional abilities similarly foresee academic accomplishment, in any event, when 

different factors, for example, before educational achievement are considered (Denham, 2006) 

and (Jacobsen & Hofmann, 1997). Moreover, children with more significant self-discipline (a 

part of self-guideline) are likely to develop into grown-ups with better wellbeing (e.g., better 

physical wellbeing, less substance misuse), have higher earnings and less money related battles, 

and less criminal thoughts than those with more fragile self-administrative abilities (Moffitt, et 

al., 2011). 

2.5 Impact of technology on children  

Below is a review of the factors that were mentioned in the literature. The factors that were 

mentioned which could impact technology on a child such as (i) Obesity and (ii) Internet 

addiction.  

 

 

 

 

 

 

 

Technology is an ever-present piece of everyday lives and the measure of time we go through 

interfacing with individual technology devices is just expanding as we want to remain 

associated. Subsequently, it is difficult to keep children from likewise desiring these 

interactions as in Figure 13. The graph shows there is more interaction for on-demand 

streaming services used on any device followed by using a tablet or computer. 

Figure 13 - The % of children aged 0-4 with access to any of the 

listed devices (CHILDWISE, 2018) 
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Figure 14 shows the most popular activities on mobile internet devices. The most popular 

device used to access the internet was smartphones. The most popular reason for using a 

smartphone was for watching videos or films with 52% of them using a smartphone and 23% 

using a tablet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adults living in the UK spend over 5 hours on the internet compared to the rest of the world 

which spend on average over 6 hours. The average time spent per day using a laptop, desktop, 

or tablet is over 3 hours. Compared to children aged 3-4 spend 8 hours per day which is 8 times 

more hours recommended by professionals as shown in   

Figure 14 - Most popular mobile internet activities according to internet 

users worldwide by device (Statista, 2018) 



38 
 

Table 3. Figure 15 shows how many hours the rest of the age ranges spend using screens. The 

actual hours spent has significantly increased over the years. 
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Table 3- Screen time guidelines by age recommended (WHO, 2019) 

Ages: Time recommended: 

Under 18 months No screen time outside video chatting 

18 – 24 months Little to no time as it is a critical 

developmental period 

3-5-year olds Up to 1 hour a day 

6-10-year olds Up to 1-1.5 hours a day 

11-13-year olds Up to 2 hours per day 

 

2.5.1 Obesity   

Obesity and physical problems are key negative impacts of technology on children. The 

absence of physical movement is the primary driver of children’s obesity. Technology is one 

of the key principles behind the lack of physical movement. In the past, children used to play 

and run around while in the present day, children find it more fascinating to mess around on 

smartphones subsequently remaining inactive (Adam, 2018). This leads to expanded weight 

records or BMI (Gottschalk, 2019) and subsequently, children are at risk of obesity and 

malnutrition disorders (Patel, 2017). Mental issues can likewise bring about toughness, for 

instance, fatigue, depression and focused on children’s will, in general, eat more to adapt to 

their expanded negative feelings. In this manner, it is reasonable to infer that one of the 

principal offenders behind youth stoutness and untimely constant wellbeing is technology. 

Other physical problems (Mentalup, 2019) that can occur are eye vision problems, neck pain 

and overstrain. 

Figure 15 - Amount of time children spend online and the percentage per age group in the UK (BusinessFibre, 2019) 
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2.5.2 Internet addiction  

Linking with the problem of obesity in section 2.5.1 Obesity, internet addiction is another 

problem found in the research conducted. In their free time beyond gaming, children spend 

time on social networks, blogs and watching videos (Mentalup, 2019).  

TVs and tablets are used mainly by young children for social media. TVs are increasingly being 

replaced by streaming services such as Netflix, Amazon Prime, Disney+ and YouTube and are 

rapidly turning into the new viewing platforms of choice by 8- 11-year-olds (Ofcom, 2018). 

Children may use the computer in schools, smartphones to communicate with friends and then 

watch some TV to relax. These hours added up can seem unbalanced between screen time and 

doing other things as a conclusion which can be led to an unbalance mental well-being of the 

child, as seen in Figure 16. 

Some of internet addiction signs for children are (Baturay & Toker, 2019) and (Weinstein & 

Lejoyeux, 2010):  

• Loses track of time while online 

• Sacrifices vital hours of sleep to spend time online 

• Becomes irritable if not allowed access to the internet 

• Prefers to spend time online rather than with friends or family 

• Disobeys time limits that have been set for internet usage 

• Lies about the amount of time spent online  

Figure 16 - Screen use of computers shown. The pattern is consistent also for watching TV, gaming, and streaming. 

(Ofcom, 2018) 
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• Seems preoccupied with getting back online when away from the computer 

Internet addiction among children is a growing concern (Mentalup, 2019). Online access is a 

vital part of the modern world and an important tool in children's education. Also, it is an 

entertaining and informative platform.  

Figure 17 shows that smartphones have overtaken laptops to become the popular device to use 

and access the internet in the United Kingdom (UK) in 2020 (Statista, 2020). Most people 

including children visit and use many websites and many applications on a device. 

 

 

 

 

 

 

 

 

 

 

 

Children who have poor social and adapting abilities (Alimora, et al., 2019) are at more serious 

risk of spending more time online. Since they feel alone, distanced, and may have issues 

making friends, they go to undetectable outsiders in online talk rooms searching for the 

consideration and friendship missing from their genuine lives. They may originate from 

families with issues at home, or experience harassment or trouble associating in school and 

extracurricular exercises, so they adapt to their issues by investing energy on the web 

(Hermandez, et al., 2019). 

  

Figure 17 - Devices used to access the internet in the United Kingdom (UK) in 2020 (Statista, 

2020) 
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2.6 Chapter Summary  

There are different impacts of children’s independent mobility, where independent mobility is 

declining. Many methods for independent mobility were suggested for monitoring and tracking 

children’s movements and judgments in different situations to allow accuracy and precise 

pinpointing of location. However, the problem still exists and is evident through the lack of 

physical activity which is being driven by parental concern over the physical safety of their 

child.  

Having studied relevant literature, using smart technologies is considered to offer a viable 

solution and is chosen as the focus of this thesis. There are some factors required for using 

smart technologies for children’s independent mobility: 

• Smart technologies used need to be able to accurately assess the health and well-being 

of a child which will help to find an efficient way of accurately measuring and 

monitoring the vitals of the user. 

• Smart technologies used need to be able to precisely track location which will be able 

to lead to the safety of the child. 

• Smart technologies used need to include biometrics to be able to measure the wellbeing 

and emotion of a child  

• Smart technologies need to be able to measure the emotional state of the child. 

It has been suggested in many works of literature in the above chapter that it is essential to find 

an effective and efficient way of monitoring and tracking a child’s vitals as well as pinpointing 

a child’s location.  
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3. Smart Technologies  

As mentioned in section 2.6 Chapter Summary, smart technology can be used to help control 

Children’s Independent Mobility. This chapter provides an overview of the published literature 

and applications of smart technology as well as specific technologies which can be used in this 

thesis. The focus is on (i) Smart technologies in general (ii) Wearable Technology (iii) 

Children’s Wrist Wearables and (iv) Existing theories within IoT to be able to choose the right 

product for Children’s Independent Mobility. 

Smart devices are known to be connected to the Internet or known as the Internet of Things 

(IoT), but there are more specifications for a device to be called a “smart” device (Augusto, et 

al., 2013). Some principal issues that were discussed by Augusto, et al (2013) help to identify 

“smart” technologies which are:  

• To be intelligent or “smart” to identify a situation where it can help. 

• To be sensible to distinguish when it is allowed to offer help. 

• To deliver help according to the needs and preferences of the user. 

• To achieve its goals without demanding the user/s technical knowledge to benefit from 

its help. 

• To reserve the privacy or security of the user/s. 

There are many types of smart devices, some examples are shown in this chapter which are the 

most common applications and their uses.  

3.1 Internet of Things (IoT) 

Internet of Things is the idea of having interfaced devices to the Internet and other connected 

devices. “Technologies such as RFID (Radio-Frequency Identification), short-range wireless 

communications, real-time localization, and sensor networks are becoming increasingly 

common, bringing the ‘Internet of Things’ into industrial, commercial, and domestic use” 

(Floerkemeier, et al., 2008). IoT platforms can pinpoint precisely what information is useful 

and what can be ignored. This information can be used to detect patterns, make 

recommendations, and detect possible problems before they occur. 

The Internet is a worldwide system of interconnected computer networks that utilise the 

standard Internet convention suite (TCP/IP) to serve billions of clients around the world. It is 

a system of systems that comprises millions of private, public, academic, business, and 
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government networks, of local to global scope, that are linked by a broad array of electronic, 

wireless and optical networking technologies (Madakam, et al., 2015). 

The worldwide market for the Internet of things (IoT) was worth $212 billion in 2019, as shown 

in Figure 18. The IoT market was worth only $100 billion in 2017 and is expected to reach 

$1.6 trillion by 2025 as demand from younger generations increases. 

 

 

 

 

. 

 

 

 

 

 

3.2 Roles of Wearable Technology  

A smart wearable is a small electronic device that is attached to the human body and can be 

embedded into fabrics, which can perform autonomous computing and allows connection to 

other devices via wired connection or wirelessly for the exchange of data (Silverio-Fernández, 

et al., 2018). As for what these products can be used for, most people would use them for taking 

pictures using voice commands, keeping track of your daily calorie count, or receiving inbound 

messages. Wearable technology is already in use in healthcare for diet management and the 

police for security. 

Wearable technology is a proposed solution for Children’s Independent Mobility which will 

be reviewed further in the chapter. As many new technologies are introduced, they will have 

more advanced features and functions which will help in all aspects of life. This is a vital 

technology that will be discussed and used within this research and will combine the factors 

with chapter two for the proposed framework. 

Figure 18 - Global IoT end-user spending worldwide 2017-2025 (Statista, 2019) 
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3.2.1 Brief history of Wearable Technology  

The first wearable computer was created by Professor Edward Thorp in the 1960s. In his book 

“Beat the Dealer,” Thorp (1966) revealed that he built a computer small enough to fit into a 

shoe to cheat at roulette. A timing device helped predict where the ball would land on a roulette 

table, giving Thorp and co-developer Claude Shannon a 44% edge in the game. 

The latest wearables allow different features such as smart sensors which allow tracking of 

movements and biometrics. Wearables allow the transfer of information to show on a 

smartphone or a smart product, which relates to the wearable via Wi-Fi and Bluetooth 

connectivity or a standalone 4G data connection. Wearables use several sensors to help achieve 

fitness goals such as losing weight. In previous years, wearables have mainly been clipped to 

the human body, as the focus of the clip-on tracker was to track movement through motion 

sensor technology (Smith, 2019).  

Wi-Fi allows the connection to local networks, which allows users to receive notifications and 

use the same functions as a smartphone. Bluetooth allows smartwatches a wireless connection 

to mobile features which enables people to share voice and share data from mobile to watch 

easily. Additionally, Bluetooth has the capability of receiving and making calls. By having 

Bluetooth, the low interference feature allows the device connected, to be able to have freedom 

of creating a personal area network of sharing and connections abilities easier (O'Brien, 2017). 

Only some smartwatches use LTE/cellular connections, those that use these connections are 

known as standalone smartwatches. Standalone smartwatches are almost the same besides the 

added feature which supports mobile phone SIM cards and can work as an independent 

smartphone without needing a phone (Techhog, 2020).  

3.2.2 Sensors  

Today all smart devices have a sensor that is either physically seen or they are embedded into 

the device. A sensor is a device “which distinguishes and reacts to contribution from the 

physical environment” (Electronics Hub, 2017). The output is generally a signal that is 

converted to a human-readable display at the sensor location (TechTarget, 2012) or transmitted 

electronically over a network for reading or further processing. 

Figure 19 demonstrates how a sensor would work. The example below shows how this can 

demonstrate using an Open-Close Door sensor.  
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• Sensor data – Whether someone or something is detected by the sensor  

• Computer – Decides whether to open the door if someone or something is present  

• Output – Door opens or remains shut  

 

Wearable sensors are utilized to gather information about physical activities and physiological 

status for checking users’ conditions. Fundamentally, motion sensors including three-axis 

accelerometers and gyroscopes were considered by Lee et.al (2016) for deciding user 

development in sensing and tracking. Wearable sensors perform user tracking, monitoring, and 

diagnosis through movement detection and both physiological and biochemical detection 

(Patel, et al., 2012). Below are examples of wearable sensors which are trending and popular 

in wearable technology today. 

Table 4- Types of wearable sensors and their uses (Statista, 2018) 

Wearable sensors Uses 

Accelerometer It determines step count and sleep quality through the measured 

displacement of mass converted into a digital electric signal 

through an analogue-to-digital converter for digital processing. 

Gyroscope It measures orientation based on the principle of rotation, 

considering object shape, weight, and speed. It uses the earth’s 

gravity to determine orientation. 

Optical It contains ECG sensors, a heart rate monitor to give precise 

electrocardiogram readings. The sensors facilitate real-time heart 

rate and blood pressure, among others. 

Force & pressure 

sensor  

It is a sensing device that can identify and measure the external 

pressure and gives a suitable response to the measured pressure by 

having some mechanical movements. 

Inertial sensor Used to detect and measure distinct motions such as tilt, 

acceleration, vibration, rotation, and shock. 

Figure 19 - How a sensor works 
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Temperature It demonstrates temperature sensing through wearable and gives the 

user's physiological information, such as skin temperature or 

sweating rate and fast thermal response time when placed onto a 

human body by using Galvanic Skin Response (GSR).  

Medical based 

sensors 

It includes blood glucose and blood oxygen sensors, which 

monitors the patient level of glucose to indicate high and low levels 

of sugar in the body. 

 

 

 

 

 

 

 

 

 

 

 

 

Despite the above methods, respiratory volume, skin temperature, skin conductance, and blood 

pressure can also be measured using devices that can be worn on any part of the body such as 

the head, ear, eye, arm, finger, neck, and foot as shown in Figure 20 to perform tracking tasks 

(Vandrico Solutions Inc., 2016). 

  

Figure 20 - Where can Wearable technology be worn? (Piwek, et al., 2016) 
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Figure 21 shows the global wearable sensor market, which was valued at $149.3 million, and 

is expected to reach $189.4 million by 2025. Worldwide wearable sensor advertisement is 

relied upon to observe huge development inferable from expanding requests in customer and 

medicinal services. Developing a prevalence of sensing technology is foreseen to be a key 

driver for wearable sensors throughout the following seven years. Besides, wearable sensors 

are picking up worldwide as the worry for keeping up and checking wellness among customers 

has expanded. The developing fame of wearable gadgets is additionally foreseen to be a 

potential factor for the development of these sensors over the forecast period. 

The combination of technology with wearable sensors has enlarged computerised monitoring 

of wellbeing and wellness among youth as well as the older population for better living. The 

sensors in wearable technology give exact information to monitor and measure rest patterns, 

heart-rate tracking, calories count, among others.  

Sensors are used within smart wearable technology and are a very important component to be 

considered within this research. As discussed within this chapter the sensor can be embedded 

within the device to help collect data on the person that is wearing it – for this study, the sensors 

that will help collect data will be the GPS and the heart rate sensor. If this component is not 

considered this will affect the collection of data for the proposed solution. 

  

Figure 21 - Wearable sensors — Market size and growth prospects (Statista, 2018) 
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3.2.2.1 Biometrics  

Biometric sensors are viewed as a gathering of technologies that are utilized for distinguishing 

and recognizing human personality with physiological and social attributes. By using biometric 

technology, the qualities which are utilized as identifiers cannot be either moved or purchased, 

and they are extremely hard to produce or duplicate (Korolov, 2019) (Jung & Hong, 2015).  

Each characteristic of humans can be used as a biometric trait if it has the following four 

features (Hamidi, 2019):  

• Universality  

• Uniqueness 

• Durability 

• Collectability 

 

The different main types of biometrics techniques are (Gelmalto, 2020): 

Fingerprint recognition - Fingerprint scanners work by capturing the pattern of ridges and 

valleys on a finger. The information is then processed by the device’s pattern analysis, which 

compares it to the list of registered fingerprints on file. 

Face recognition - Facial recognition is a way of recognizing a human face through technology. 

A facial recognition system uses biometrics to map facial features from a photograph or video. 

It compares the information with a database of known faces to find a match. Below (Figure 22) 

are more examples of different types of biometrics and how they are characterised as playing 

a role in a device. 

 

 

 

 

 

 

 
Figure 22 - Overview of Selected Biometric Technologies. (Martin, 2014) 
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The current uses of biometrics according to Xia et.al (2012) and Gelmalto (2020) are: 

• Law enforcement can use a live feed from cameras that are placed in public places such 

as shopping centres, to use live face recognition which allows performing face 

identification in crowds in real-time. 

• Immigration control uses biometrics such as electronic passports which stores 

fingerprint information and use the passport image to identify travellers at borders. 

• Physical and logical access allows biometric access control devices and systems that 

allow the support of the Identity and Access Management process (IAM). The uses can 

be at work, schools, and smart devices.  

• The commercial application uses several techniques to be able to verify the consumer 

to approve a purchase or identify themselves, such as mobile banking. 

3.2.3 Monitoring Health & Well-being  

Before IoT became an efficient and easy way of observing health and wellbeing in adults and 

children, according to Andrews and Ben-Arleigh (1999), several factors need to be considered 

for a clinical judgment (Stanley & Tomison, 2001) which are: 

• Social connections – which used how participants communicate with family and friends 

• Civil life skills – relates to child development and participation in the home and social 

environments. 

• Personal life skills- issues that the child needs to learn to contribute to their wellbeing 

including self-esteem and the ability to work and learn. 

• Safety, physical and mental health status 

• General life satisfaction  

 

Hodges, et al (1999) had a formal psychological assessment that allows testing a range of 

normal functioning and mental health issues, one example of an assessment scale is the Child 

and Adolescent Functional Assessment Scale (CAFAS). CAFAS measures the impairment in 

functioning which includes the measurement of emotional and behavioural problems. The 

outcome of the assessment is for children to access changes and be able to evaluate the effects 

of services which can help detect any problems with functioning in a family. Similar methods 

were used in another case study which was to check if employees had any health and well-

being problems that may impact them working. The employees must fill out a questionnaire 
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about their lifestyle behaviours and health status as well as provide them with body 

measurements such as height and a blood sample (Health Assured, 2019). 

The latest smart wearables such as Apple watches (Hansel, et al., 2015), now have more than 

one purpose rather than just a standard watch that tells time. The watch allows monitoring the 

heartbeat and steps using biosensors in the watch, such as the ones shown in Table 5. The data 

collected allows fitness enthusiasts to gain an insight into their fitness, and according to the 

patterns, AI can decide on how to improve. Also, the abilities of IoT, allows health insights to 

be shared with a doctor. 

Table 5- Platform/Applications comparison table 

 

 

Application and 

platform 

Features Operating system 

Apple Health 

(Apple, 2020) 

Medical ID- health records 

Sleep tracker 

Food health 

Run/step tracker 

Heart rate sensing 

Track weight 

Apple – Works with selected 

Apple Watches 

Google Fit 

(Google, 2020) 

Location tracking 

Run/step tracker 

Sleep tracker 

Calorie counter 

Heart rate sensing data 

Exercise sharing Notifications 

Track weight 

Earn badges – motivation 

Exercise calendar 

Android – Phone and smart 

wearables connected 

S Health 

(Wareable, 2020) 

Notifications 

Calorie counter 

Tracking of activity and vitals 

Workout suggestions 

Ask an expert feature 

Track weight 

Both using third party services – 

phone and smart wearables 

Fitbit (Fitbit, 2020) Track weight 

Calorie counter 

Notifications 

Earn badges – motivation 

Exercise calendar and tracking 

Sleep tracker 

Both – Smart wearables 

connected 
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Mobile health tracking platforms such as Apple Health, Google fit, Fitbit and Samsung health 

are the main platforms used by smartwatches/fitness trackers. These platforms mainly focus on 

fitness and well-being. The platforms allow health data to be stored between different 

applications, this allows us to monitor and track health and well-being. The sharing of data 

allows us to assess the current data collected and learn and improve fitness and well-being 

(Hansel, et al., 2015). 

Figure 23 shows how Fitbit display data collected from the fitness tracker to monitor and track 

the health and wellbeing of their users. 

 

 

 

 

 

 

 

 

 

 

 

 

To fully understand fitness in children, a multimodal system that will track stress levels and 

other vital signs simultaneously, as well as anchor these levels to context such as time of day 

and geographical location. A proposed multimodal detection strategy should be considered for 

the solution to the problem.  

Annavaram, et, al. (2018) has developed a multimodal system used in a wearable monitoring 

application, for the context of paediatric obesity, activity detection based on heart rate and 

accelerometer. The analysis was based on different key stages lying down, sitting, standing, 

walking, and running. The resulting detector has achieved 85-95% accuracy in state detection 

(Annavaram, et al., 2018). It is observed that the accelerometer is more informative for the 

active states, while the heart rate monitor is more informative for the passive states. The 

Figure 23 - Fitbit data collection for fitness tracking 
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KNOW - ME network used in the study allows users to measure and understand the movement 

from accelerometers but also from other data such as pulse rate, ECG and oxygen intake as 

well as skin conductance measures to get emotion information. Multimodal coverage allows 

channel comparison and verification to capture relationships between increased heart rate, 

increased emotional activity and changes in physical activity. 

The data collected using the system can be set up in many ways. A monitor within this study 

allows the representation of the user’s physical well-being being monitored. An approach used 

in the pilot test was statistical modelling which consisted of various testing of subject states. 

The five states that were examined were lying down, sitting, standing, walking, and running; 

to emphasise the use of accelerometers. The multimodal data analysis enabled the achievement 

of equal or even better accuracy and robustness inactivity detection with fewer sensors.  

 

Another example of IoT used to monitor health and well-being is an integrated system proposed 

by Basak, et al. (2011) for monitoring children at a day-care centre to allow proper care of 

health issues and overall well-being of children, including early detection symptoms for various 

diseases and encouraging healthy habits and activities. The signs of high rates of coughing and 

sneezing, frequent crying and vomiting for a long period and high body temperature are a sign 

of initial stages of an infection or illness that is not always noticed by day-care staff (Basak, et 

al., 2011). The system allows parents to get a daily note of events via smartphones, this 

information can be used by a doctor or health care provider to allow an insight into certain 

symptoms. The system can be attached around the wrist of a child in the form of a wristband. 

KIMS (Kid’s Health Monitoring System) consists of wearable sensors for detecting audio 

signals, monitoring body temperature, pulse rate and a Bluetooth receiver for receiving health-

related information. The study allowed audio signal processing to identify coughing, sneezing 

and crying and to detect and record various events relating to the child’s health based on the 

sensed signal. 

3.2.4 Location Tracking  

There are plenty of technologies that allows users to track objects and people depending on 

what is being tracked and how far away the item is. Some technologies are chosen for the 

features they may contain, such as wearables allow to track steps walked by a user. In this 

section, six systems are reviewed and compared to justify good systems for the choice of the 

smart wearable, also in this section location tracking apps for locating children’s location are 
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also compared and reviewed. The six systems include: (i) RFID (ii) GPS (iii) Wi-Fi (iv) NFC 

(v) QR and (vi) Bluetooth beacon. 

Radio frequency identification (RFID) tags can allow data to be captured by a reader via radio 

waves. RFID is barcoding data from a tag or label which can be captured by a device that stores 

data in a database. An example of use is a supermarket using it to track how quickly products 

are leaving the shelves (Bonsor & Fenlon, 2020). 

Global Positioning System (GPS) is another way of getting location information. GPS is a 

network of 30 satellites that orbit the earth to track objects in real-time using a 2G, 3G or 4G 

network for communication. GPS can allow an accurate pinpoint of location in most places on 

Earth with GPS coverage (TeamSoftware, 2019). 

The next one is Wireless Fidelity (Wi-Fi) which allows an exchange of data over a Wireless 

Local Area Network (WLAN). WLAN allows devices such as phones to connect using radio 

waves. Every device connected has a unique MAC address which allows the location to be 

identified per person to be able to get a pinpoint and accurate real-time location (Song, 2018). 

Near Field Communication (NFC) is another system that allows smart devices such as phones 

which have NFC enabled on the devices to allow interaction between devices nearby. This does 

not rely upon Wi-Fi, 3G or 4G connection so it does not cost anything to use (Montegriffo, 

2020). An example of use is sending information from one phone to another by simply bringing 

the phones close together to transfer data such as files, images, directions, and payment. 

QR code is short for Quick Response code which is an alternative to using barcodes (O'Neil, 

2015). The code is a machine-readable optical label that contains the information about the 

item to which it is attached. The user will scan the code using a camera to be able to get the 

information of the code. An example could be to link it to a Google Maps location. 

Bluetooth beacon is another system that can be used to track location, mainly indoor location. 

Bluetooth and BLE tags are different as the classic Bluetooth consumes high power and 

transmits for long ranges whereas BLE tags consume less energy from the power source 

(Proximi, 2017). Beacons can be installed with minimal effort and can be used for both client-

based, and web server-based applications. Also, by using beacons it can be possible to detect 

the floor plan of the indoor property. 
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 Table 6- Location tracker comparison table 

 

For smart wrist wearables, the most common features used for location tracking is using 

Bluetooth and GPS. Bluetooth can be used to get the precise location in a known building that 

uses Bluetooth beacons. By using Bluetooth beacons via Bluetooth can send unique identifiers 

to be able to detect the indoor location. By using GPS allows accurate location by getting 

coordinates from satellites that are orbiting the earth. 

To get the location tracking information from the wearable or smart technology, apps are used 

for both IOS and android devices. For some devices such as Fitbit or Xplora 2, their software 

is made by the company/brand. Some of these allow customers to unlock more features by 

paying extra they may get more benefits such as tailor-made plans for exercising. Several 

tracking apps allow different types of visualisations whether it is available on the computer to 

view and analyse or on a smart device. Below is an example of how Fitbit shows the 

information collected from the Fitbit tracker on the app. 

Location tracker Range Accuracy Accessibility Security 

RFID Up to 100 metres Only close to the 

range – 

Outdoor/Indoor 

Hard to send and 

receive 

information 

Fairly secure 

GPS Unlimited Fairly accurate – 

Outdoor 

Easy to send and 

receive 

information 

Fairly secure 

Wi-Fi Up to 100 metres Fairly accurate- 

Indoor 

Fairly easy to 

send and receive 

information 

Less secure 

NFC Up to 10 cm or 

less 

Only close to the 

range – 

Outdoor/Indoor 

Fairly easy to 

send and receive 

information 

Secure 

QR Code Up to 30 cm or 

less 

Only close to the 

range 

Easy to send and 

receive 

information 

Fairly secure 

Bluetooth 

/Bluetooth 

Beacons 

Up to 10cm /Up 

to 10-30 metres 

Fairly accurate if 

close to range – 

Indoor 

Easy to send and 

receive 

information 

Fairly secure 
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Below are examples of the applications which can be used to track location also track children’s 

location using certain brands of watches and fitness trackers. 

Table 7- Apps for tracking location 

Application Price  Features 

Google 

Maps/Google 

Fit 

Free Directions to location, 3D earth view- street 

view, traffic information, a suggestion of 

places, parking places, suggestions for a 

convenient way to travel 

Fitbit Free for basic 

Premium - £79 per year 

Provides suggestions on running or walking 

route tracks where the exercise has taken place 

Endomondo Free for basic 

Premium - £24.00 per year 

Free – allows the tracking of exercise 

Premium same as above but allows 

recommendations on how to improve the 

running or walking speed and suggest routes 

Garmin Free You can track activity and location, 

suggestions on improvements in inactivity 

Figure 24- Fitbit Location tracking 
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Strava Free 

Premium - £49.99 per year 

Free version allows basic tracking location 

with the time taken 

Premium – tracking precise location, exercise 

recommendation 

Famisafe Free trial after 

£47.99 per year 

Free version allows basic tracking location 

with the time taken – trial lasts 7 days 

Premium – tracking precise location 

Jiobit £79.95 per year Free version allows basic tracking location 

with the time taken– trial lasts 7 days 

Premium – tracking precise location 

Life 360 Free 

Premium –£55.96 per year 

Free version allows basic tracking location 

with the time taken– trial lasts 7 days 

Premium – tracking precise location  

mSpy Free trial 

£79.95 per year 

Free version allows basic tracking location 

with the time taken– trial lasts 7 days 

Premium – tracking precise location 

Gluympse Free Free version allows basic tracking location 

with the time taken– trial lasts 7 days 

Premium – tracking precise location 

 

Location tracking is a vital piece of technology within this research and will be discussed. 

Location tracking will be considered within the proposed solution to be able to track the precise 

location of a child. This can help prevent the issues parents and guardians had with tracking 

the location of their children. 

3.2.5 Emotion Detection  

There are some ways in which people can measure emotion, this can be shown physically and 

instinctively. Emotion detection biosensors have become popular recently. Other than its 

continuous use in numerous applications, biosensors are the best to measure factors in the 

human body, which are affected by human emotion status (Gouvea, 2010).  

There are many ways emotion can be detected, for example, measured dilation of the pupil 

using eye-tracking software; using series of images to analyse facial expressions; skin 

conductance using galvanic skin responses (GSR); brain activity using Electroencephalogram 
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(EEG); Electrocardiogram (ECG) and facial expressions (Farnsworth, 2020) (Mauss & 

Robinson, 2009). Facial Action Coding System (FACS) encode facial appearances and encode 

expressions and are suitable for analysing facial effects and expressions. By using FACS, a 

system tracks faces in the video, extracts features and produces a profile of each facial muscle 

movement. The profiles that are created allows the compute frequencies and are combined with 

Action Units (AUs) in videos to help analyse the impact of facial expressions (Kotsia & Pitas, 

2007) (Hamm, et al., 2011). The methods that will be discussed in this section have been chosen 

as it most relevant to the topic of this thesis which consists of (i) Dilation of the pupil in the 

eye, (ii) Galvanic Skin Responses (GSR), (iii) Heart Rate Variation (HRV) along with (iv) 

Electroencephalogram (EEG).  

As mentioned in 2.4 Detection of children’s emotions, emotions consist of seven emotions 

which are universal facial expressions, as shown in Figure 25 by (Ekman, 1970) and mentioned 

in (Hong, et al., 2013). 

 

  

Figure 25 - Six basic emotions - (Ekman, 2020) 
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Eye-tracking can provide various information on how a person is feeling through features of 

the eye such as the number of times a person blinks, the direction of the eye and pupil size 

allows measuring of emotion. The eye consists of the eyeball and the pupil which is all 

connected to several nerves and muscles such as the movement of eyebrows, eyelid, and 

temple. This all reflects emotional activation such as fluttering of eyelashes which shows that 

something has surprised, anger or annoyed the person (Pogosyan & Engelmann, 2017) and 

(Robinson, 2011). 

The dilation of the pupil can either be increased or decreased in size depending on the emotion. 

An increase of the pupil can occur when something or someone has attracted someone or 

something the eye can be “flooded like a full moon” (Pogosyan & Engelmann, 2017) which is 

lit by emotion and the power of attraction. A decrease of the pupil can arise when someone is 

feeling offended, or someone is angry.  Also, emotion can be shown when a person’s gaze is 

elsewhere such as when talking to a child and they have done something wrong or talking to 

someone insecure. Rather than maintaining direct visual contact, they get away to the sides. 

Even more explicitly, the emotional signs are fundamentally based on the eye area.  

Pupil size, blink properties and gaze are investigated and used to figure a list of emotional 

responses, utilizing current eye following equipment and specially developed software. Eye-

tracking has been used in several case studies and different contexts. For example, in education, 

it is used to track the emotional state of children while they learn online. An eye tracker consists 

of cameras, projectors and algorithms. The projectors create a pattern of near-infrared light on 

the eyes and then the camera can take high-resolution images of the users’ eyes. Machine 

learning is then used to process images and mathematical algorithms are used to determine the 

position and gaze of the user. 

An experiment done by Porta et.al (2012) shows how the learning process is occurring using 

real-time data. The experiment consisted of 5 people where data was recorded using Tobii 1750 

eye tracker and a monitor. As previously mentioned in their research, they measure the eye 

pupil dilation according to the binocular pupillometric precision of this eye tracker 

measurement which is 0.15mm. The participants of this experiment were given three questions 

to do, ranging in difficulty levels. The results showed that the most difficult questions were 

read several times more.  

Galvanic Skin Response (GSR) is a biomarker for the nervous system and is considered a 

sensitive and valid marker of the activation of the nervous system (Kyriakou, et al., 2019). GSR 
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signal indicates electrical changes measured on the surface of the human skin that varies with 

the changes in skin moisture level (sweating) and reflects the differences in their sympathetic 

nervous system (Setyohadi, et al., 2018) GSR can detect the strongest and more accurate 

readings for emotion detection (Nakasone, et al., 2005). To measure GSR signals for emotional 

research a constant voltage system is used (TobiiPro, 2012). The GSR sensor provides a voltage 

to two electrodes that are in contact with the skin. Ohm’s law allows the constant voltage 

system to measure the skin conductance by using the formula (voltage = intensity x resistance 

= intensity/conductance) to give a reading on sweat levels (Kuphaldt, 2014) and (Wang, et al., 

2018). 

Several studies propose different methods of detecting stress levels by measuring skin 

conductance. An example of this is by research done by Villarejo et al. (2012). The research 

attempts to classify stress suffered by a user using GSR by proving stress indicators using 

mathematical calculations. Villarejo et al. (2012) had designed and built a stress sensor based 

on Galvanic Skin Response (GSR) and controlled by ZigBee. The student consisted of 60 adults 

who completed tests requiring a degree of effort using mathematical operations or breathing 

deeply. On completion, GSR was able to detect the different states of each user with a success 

rate of 79.59% (Villarejo, et al., 2012).  

Another method of detecting emotion is heart rate variability (HRV) shows how a person’s 

heart rate speed varies depending on the type of activity the person is doing, for example, 

relaxing or exercising. 

Figure 26 shows an example of a user who is using Fitbit which is measuring heart rate 

throughout the day. 

The human body is controlled by both the central and peripheral nervous systems (Appelhans 

& Luecken, 2006) – the central nervous system includes the brain and spinal cord whereas the 

peripheral nervous system is all the other nerves in the body. The main use for the central 

Figure 26 - Heart rate measures using Fitbit 
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nervous system is for memory whereas the peripheral nervous system allows a physiological 

reaction (Farnsworth, 2019) such as sweating. Depending on the context, emotional stress can 

be changed depending on the activity that is being conducted by the person. The peripheral 

nervous system has an automatic nervous system that allows the control of inner organs such 

as the heart which also has a sympathetic nervous system that increases physiological arousal 

when active. When stressed emotionally or physiologically, the peripheral nervous system 

brings a range of change in the physiology from the sweating of the hands which increase the 

heart rate. 

An example of how heart rate is used as a stress indicator is reviewed in the literature by 

Michels et al (2013). The review focuses on how children’s heart rate variability can be used 

as a stress indicator. Stress can be used as a biomarker using the automatic nervous system with 

heart rate variability as a stress marker. The pilot test was conducted to test heart rate variability 

every five minutes as a stress indicator in young children aged between 3-10-year olds to 

associate with self-reported stress aspects. The study used an elastic electrode belt polar Wear-

link 31 which used a Wind-link device to transmit the data over to a computer. The belt was 

fixed around the chest of the child to get as much information of the emotion of the child during 

the day. Overall, the study showed children’s HRV might serve as a stress indicator since it 

reflects aspects of their stress status as represented in the questionnaire which was conducted 

during the study. 

One of the main uses of ECG is in the medical field where it is used to test and evaluate the 

heart’s electrical system to assess for heart disease. The system uses flat metal electrodes placed 

onto the chest of the patient which will detect electrical charge generated by the heart as it 

beats, which will then be recorded. A doctor will then analyse the patterns of the heart rate and 

rhythm (Fogoros, 2019). The patterns can help identify changes in the heart such as if you had 

heart disease in the past, and medical diseases and risk factors to do with cardiac diseases.  

Zhang et al. (2016) conducted an experiment in which consisted of 123 people that were asked 

to wear smart bracelets with built-in accelerometers. They attempted to identify emotions from 

data where participants were walking by using the LibSVM algorithm (an open-source 

software used for show algorithms). They accomplished classification of precision of 91.3% 

(neutral versus angry), 88.5% (neutral versus happy), and 88.5% (happy versus sad). The 

acknowledgement pace of the three feelings (unbiased, cheerful, and furious) accomplished an 
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exactness of 81.2%. These outcomes exhibited that feeling could be reflected somewhat in 

strolling (Zhang, et al., 2016). 

As seen within the chapter, there are several ways to measure emotion data in children, this 

was evident in the review of existing theories of collecting emotion data. Emotion detection is 

a key component of the proposed framework. 

3.3 Types of Smart Wrist Wearables  

This section will include the different types of smart wrist wearables. The wearables that will 

be discussed are (i) Smartwatches (ii) Fitness trackers and (iii) Concept devices. 

3.3.1 Smart Watches 

The first portable watch was a pocket watch, the pocket watch was made in the 16th century 

which was invented by Peter Henlein (Smith, 2018). The first watch with an LCD television 

screen only could display the time digitally and allow radio signals but only when attached to 

a receiver (Belcher, 2013). 

More recently, there has been an increase in the amount of wrist-worn activity trackers which 

are primarily aimed at health, fitness, and the quantification of personal action (Swan, 2012). 

Smartwatches can show notifications on your wrist while connected via Bluetooth or by Wi-Fi 

with a smartphone. While many have an innovative design, other smartwatches look simply 

like conventional simple watches from a traditional analogue watch. Users can see that the 

display is a screen that shows spring up messages from your phone.  
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As seen from Figure 27, there are four main generations. Millennials (1981-1996) tend to own 

more smart wearables largely due to the popularisation of maintaining and monitoring physical 

health. The technology used within fitness trackers is becoming more personalised and 

convenient to show progress within monitoring health and wellbeing which allows an element 

of community that shows improvement within the information collected from the device. Along 

with millennials using wearables, older generations are increasingly using them to keep fit 

(Ranard, 2016). 

Another type of smartwatch is hybrid smartwatches. A hybrid smartwatch is a classic analogue 

watch with a twist as they do not have a screen, but they may have hidden features such as 

light-up symbols for when you get a message, which can be notified to the user when connected 

to a smartphone via Bluetooth. Users will be able to receive alerts through the watch’s vibration 

and alarms. Hybrids combine analogue style with tech sophistication and do not require 

charging as normal smartwatches and fitness trackers. 

Figure 27 - Respondents who own a smart watch/health-tracker computing device in the United Kingdom in 

2019 (UK), by generation (O'Dea, 2019) 
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According to Sinha (2017), the five features all smartwatches comprise of: (i) Operating system 

there are two main ones, google android wear for android phone users and apple operating 

system. Both operating systems have several (ii) Different apps which allow different features 

and functions depending on what operating system the device uses (as shown in Table 8). (iii) 

Design is another aspect that a smartwatch has. The design of modern smartwatches differs 

compared to traditional watches.  

Most watches look similar either have a rectangle/square or circle metal casing. Watch faces 

can be customised including the watch bands/straps. 

Table 8- Smartwatch features between a general smartwatch and a hybrid smartwatch  

 

 

 

 

 

 

 

Hybrid smartwatch Smartwatch (General) 

• Does not require OS – 

Connects via Bluetooth  

• Tracks steps  

• Notifications – points at 

different numbers of the 

clock or a circle light  

• No charging required  

• Tracks heart rate tracks the 

location  

• Time-related features 

• GPS tracking  

 

• Android OS or Apple OS 

• WI-FI/Bluetooth/LTE/4G 

• Alerts and notifications  

• Touch screen  

• Time-related features  

• Heart rate monitoring  

• Tracks activity such as step 

counting  

• Call/messaging feature – make 

& receive  

• Allow making payment using 

NFC  

• GPS tracking  

Figure 28 - Images of type of smart wearables (Frasers, 2020) 
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3.3.2 Fitness trackers 

A fitness tracker is an independent gadget that can be worn on the wrist or in other forms such 

as a clip-on device. A fitness tracker which monitors physical exercises and fitness-related 

measurements. Numerous fitness & activity trackers can allow sending of information 

collected easily to a smartphone or computer. As a fitness tracker has fewer functions as seen 

in Table 9 than a smartwatch, this leads to less battery usage, so does not need charging 

frequently.  

Table 9- Fitness Tracker features 

Fitness trackers 

• Connects via Bluetooth to a smartphone  

• Allows control of music 

• Swim tracking – most waterproof trackers 

• Navigation – walking and more routes  

• Customizable workouts 

• GPS tracking  

• Sleep tracking  

• Heart rate monitoring  

• Step counting  

 

3.3.3 Concept Ideas  

A smart band is a twist of both a smartwatch and a fitness tracker, the smart band will have 

capabilities of both the smartwatch and a fitness tracker some of the features it entails will be 

able to provide heart rate measures, GPS tracking, pedometer, and skin temperature data. Smart 

bands - will have a simple form and their main function is to track and analyse your movements 

during the day. Most of the smart bands will have typical features and sensors have a pedometer 

and an optical heart. Smart bands are closer to the concept of a bracelet than a watch, but there 

are some with displays that can tell you the time and various other useful information. The 

main purpose of this smart band is to monitor health conditions and to provide immediate 

medical assistance if necessary. 

3.4 Children’s Wrist Wearables  

There are plenty of children’s smart wearables out in the world today, likewise with the features 

and functions with the smartwatches and fitness trackers which allow parents to control and 



66 
 

monitor location, daily activities, and daily vitals. In this section, the most popular children’s 

smartwatches and fitness trackers will be reviewed and compared to justify the most suitable 

device to use for Children’s Independence Mobility (CIM).  

3.4.1 Using Wearable Computing 

As discussed in previous section 3.3 Types of Smart Wrist Wearables, there are many types of 

devices, such as smartwatches and fitness trackers which are used in different scenarios. The 

use of technology with children remains a critical issue. One of the main issues which were 

highlighted in this thesis was internet addiction as discussed within section 2.5.2 Internet 

addiction.  

When wearables are brought by parents/guardians they have requirements on what they are 

looking for on a smart wearable regarding their child safety and needs. Some devices allow 

location to be tracked using GPS, hence, providing safety and independence allowing the child 

to be more active physically. As mentioned before, parents tend to look for devices that ensure 

the safety of their children. GPS integrated into most smart wrist wearables allow parents to 

see the child’s location. Additionally, most wearables have a panic button that will notify an 

emergency contact.  

Another use can be monitoring conditions within children such as autism. Some studies such 

as Valencia et.al (2019) have shown that technology can help with conditions such as autism. 

Children’s smart wearables allow a wide range of communication and personal planning for 

children with autism and other special needs. Some devices come with apps that are specially 

designed to help develop learning and skills. 

3.4.2 Selection of Device for Children’s Independent Mobility 

From the previous sections, (3.2.2 Sensors and 3.3 Types of Smart Wrist Wearables) research 

and findings have been considered when looking for the right device to use for this study.   

This section investigates the most popular wearable devices and the ones that fit the 

requirements for this research. The following requirements are: (i) To be able to monitor vitals 

such as heart rate or be able to detect emotion (ii) To be able to track location and (iii) Track 

physical activity. Additionally, this section will provide functionalities and conclude by 

deciding which device would be suitable for a child’s health scenario. 
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Table 10- Children’s Smartwatch Comparison Table 

 

  

 Cost Waterproof Weight Monitoring 

Heart 

rate/emotion 

ability 

Tracking 

location 

ability 

Activity 

tracking 

ability 

WI-FI 

/Bluetooth 

/4G/LTE 

Source 

Fitbit ace 2 

tracker / 

Ace kids 

£59.99-

£79.99 
Yes 18g No Yes Yes Bluetooth Amazon 

Fitbit 

Charge HR 
£46 

No – 

Sweat 

resistant 

29g 
Yes – Heart 

rate 
Yes Yes Bluetooth  Amazon  

KIDS Nav 

Venture 
£39.95 No - 

Yes – Heart 

rate 
Yes Yes 4G/LTE Kidsnav 

Mightier 
$40 per 

month 
No - Yes  No No Bluetooth Mightier 

Mood beam 

one 
£49.95 Yes - Yes  No Yes Bluetooth Moodbeam 

Nuband 

Kids tracker 
£34.99 Yes 13g No Yes Yes Bluetooth Argos 

Spacetalk  £159 Yes - No Yes Yes 4G/LTE Spacetalk 

Upmood $99.99 No - Yes No Yes Bluetooth Upmood 

V- kids £135 Yes 50g No Yes Yes 4G/LTE Vodaphone 

XPLORA 

activity 

band  

£39.99 N/A - 
Yes – Heart 

rate  
Yes Yes Bluetooth MyXplora 

XPLORA 

GO kids  
£99.99 Yes 18g No Yes Yes 4G/LTE MyXplora 
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3.4.3 Selecting the Ideal device 

The purpose of this research is to provide a solution that can be widely used and accessible to 

parents and guardians all over the world. It is important to support a device that is feasible in 

terms of accessibility and technical ability. As seen in Table 10, the three devices that would 

be suitable to be considered are: (i) Kids Nav Venture (ii) XPLORA GO activity band and (iii) 

Fitbit charge HR. All three have fulfilled the requirements for this study, also the device has 

been chosen with a combination of popularity, reviews, and case studies where they have used 

a similar device which is later discussed. The chosen devices have been based on comfort and 

fit (small and adjustable to fit around a child’s wrist for the ages that will be considered for this 

study).  

Kids Nav venture has been given 4.5 stars out of 5 on Trustpilot (2018), for being a great 

device to use to monitor children’s health and wellbeing and considering a robust design for 

children’s use. The device comes with an app that is designed and made by the manufacturer 

that allows parents to see the location of their child and receive notifications of any movements, 

combined with any irregulars for the child’s health and wellbeing status for example heart rate. 

XPLORA GO has been shown and reviewed by parents on Rear (2020) and Woodger (2020), 

who suggest that this device is “one of the best kids smartwatches for parents” to buy in 2020. 

The device was given 5 out of 5 for monitoring health and well-being precisely, 4 out 5 for 

comfort and ease to use by parents, This device also comes with an app that enables location 

using GPS, receiving and making calls, and a step counter which allows children to get “X” 

number of points to exchange them something they may be saving up for.  

Fitbit is one of the most well-known names in wellness following wearables (Stein, 2016). 

Fitbit Charge HR has been rated 8 out of 10 as a health tracker, which allows parents to monitor 

and track heart rate during different workouts and activities. It also connects via Bluetooth and 

monitors trends. Fitbit has an app that can be accessed online and via the mobile app for parents 

and children.  

3.5 Ethics/Privacy for children’s devices  

This section will include the justification on why there are a limited number of devices that 

have certain features and functionalities for children’s devices. For many concerned parents 

who want to ensure their child is safe, parents may turn to a smart device such as the one 

proposed in this study. One example of danger is cybersecurity, and, in this section, there will 
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be a brief discussion on GDPR and privacy issues with such devices that are similar devices to 

the ones used for this study. 

3.5.1 Collecting Children’s data  

Children’s data is classified as “special data” by the Information Commissioners Office (ICO) 

(ICO, 2020), as children are less aware of the risks involved when collecting personal data. In 

the UK, children aged 13 and over are able to provide their consent. If they are under this age 

the consent will be given from whoever holds parental responsibility for the child. This can be 

an issue when developing and designing an item which is for a child. 

As many new devices are made, they will have features that would allow microphone, camera, 

and GPS usage. Connected children’s toys enable a more personalised experience for the child; 

however, there is a lack of authentication. This means that any device within range could 

connect, take control, or send messages to the toy. 

Some of the features cannot put children into physical harm but the information can be 

collected and how the data is stored and shared could put them at risk. For example, a smart 

teddy bear that responds to questions will have a voice recognition feature that records chats to 

make the bear smarter for future conversations. By allowing voice recordings, it will record 

personal information such as a child’s name and school. If the information is collected is not 

encrypted, cybercriminals could gain access to valuable information which could lead to 

identity theft (ICO, 2020). 

3.5.2 GDPR  

GDPR stands for General Data Protection Regulation and covers the general data protection 

system that applies to most UK organizations and associations and clarifies every one of the 

information security standards, rights, and commitments. GDPR for connected toys and 

devices are also mentioned in (1) GDPR for Connected toys and devices. 

A study from Schneier (2019) on security has reviewed geolocation issues which concluded 

during a data breach from a smartwatch company Gator. One main reason a parent may buy a 

child a smartwatch is to be able to track their location. This common safety feature has turned 

into a security issue in hundreds of smartwatch brands that use cloud computing and have 

vulnerabilities that allow third parties to access these watches with minimal hacking.  
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There may be instances where the child will be using online services and may ask consent from 

a parent or guardian to process the child’s data as they are underage. For example, social media 

or watch/download content.  

3.5.3 Fitbit Policies and Data 

As an example, and one of the devices chosen is the brand Fitbit, Fitbit has a good working 

practice of a privacy policy for all the users of the device. As Fitbit can allow sign-in options 

using social networks, allowing these options for all users can share their progress on their 

fitness level goals which can affect how the data is shared within third-party platforms such as 

Facebook (Charara, 2018). 

Fitbit complies with the GDPR and allows users to withdraw health and personal data. This 

entails removing third party integration, unpairing the device and deleting specific data and 

then deleting the account to which the device is connected. Fitbit has a specific privacy policy 

for children’s accounts for kids under 13 years of age which use the Fitbit’s designed for kids. 

There are examples such as "When you create an account for your child, we'll ask for personal 

information about them, like their name, date of birth, gender, height, and weight. You or your 

child may choose to share certain additional information with us” (Fitbit, 2018) where they can 

ask parents’ consent before collecting data. 

3.6 Existing theories in IoT 

A wide assortment of orders contributes to the field of smart technologies, implying the 

existence of contrasting opinions on how these technologies are characterised, and how and 

when they should be utilised. The main usage of sensors for tracking and monitoring are 

currently used in six main categories, which is medical usage, sports, fashion industry, 

education, home and gaming.  

3.6.1 Medical  

The Internet of Things (IoT) innovation is increasing in this industry. The essential uses of IoT 

in the application of medication incorporate the perception of intelligent medicine, digitization 

of clinical data, and digitization of clinical procedures. 

Many devices as wearables for patients are available like fitness bands and other remotely 

associated devices like blood pressure and heart rate monitoring cuffs, glucometer (Zhang, 

2018) and so on, these give patients access to customized attention. These devices can be tuned 

to remind calorie count, exercise check, appointments, blood pressure variations and 
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substantially more. Doctors are utilizing wearables and other home checking hardware 

implanted with IoT (Dimitrov, 2016); this allows them to monitor patients' wellbeing, 

continuously and successfully. They can track and monitor patients' adherence to treatment 

plans or any requirement for guaranteed clinical consideration. IoT empowers social insurance 

experts to be attentive and interface with the patients proactively. Information gathered from 

IoT devices can assist doctors with distinguishing the best treatment process for patients. 

IoT devices are exceptionally valuable in emergency clinics. IoT devices labelled with sensors 

are utilized for following constant areas of clinical equipment like wheelchairs, defibrillators, 

nebulizers, oxygen pumps other checking equipment (Shiklo, 2018). Sending of clinical staff 

at various areas locations can also be analysed in real-time. 

 

 

 

 

 

  

Figure 29 - Example of a smart hospital (Park, et al., 2012) 
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Hassananalierag et al. (2015) have discussed the different types of applications of IoT in 

healthcare, both current and future applications. In the medical field, medical equipment has 

been slowly evolving such as measuring devices as they need approval also training to be used 

in the real world. Analytics on data from wearable sensors needs to adapt to streaming data, 

inevitably missing data values, and data of varying dimensionality and semantics as sensor 

designs change over time. The data collected from the wearable sensors provide accurate and 

reliable information on people’s activities and behaviours, thereby ensuring a safe and sound 

living environment (Mukhopadhyay, 2015).  

Wearable sensors come in many forms, one of them is a panic button for emergency help; these 

have been in use for a long time and are a huge commercial success (SOS Watch, 2017). The 

user needs to be fit enough to press the button, the wearable sensor will have other 

functionalities such as monitoring patients’ body temperature, heart rate, brain activity, muscle 

motion and other critical data (Ortmann, et al., 2014).  

Patel et al. (2012) have developed a wearable system integrated with some algorithms to 

diagnose the severity of diseases and motor difficulties in patients. 

The figure below depicts how wearable sensors are used to gather physiological and movement 

data for the patient’s status monitoring. The sensors which are used to monitor vital signs (e.g., 

heart rate and respiratory rate) would be deployed, for instance, when monitoring patients with 

congestive heart failure or patients with chronic obstructive pulmonary disease undergoing 

clinical intervention. The sensor sends information signs (for example, pulse and respiratory 

rate) when checking patients with congestive cardiovascular breakdown. Sensors for 

movement data capturing would be deployed, for instance, in applications such as monitoring 

the effectiveness of home-based use of mobility assistive devices in older adults. 

 

 

 

 

 

  

Figure 30- Illustration of a remote health monitoring system based on wearable sensors (Patel, et 

al., 2012) 
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The function of wireless communication in sensors allows the transmission of patient 

information to a mobile phone or an access point, this will then provide the data to a remote on 

the internet (cloud). Emergencies (for example falls) are recognized by data processing 

implemented throughout the system and a caution message is sent to the emergency services 

which will help to give quick help to patients. Relatives of patients will be alarmed if there is 

an emergency or if the patient needs support with, for example, taking his/her medications 

(Patel, et al., 2012).  

During the pandemic (COVID-19), IoT has been used in many ways and one of them is being 

able to detect whether someone has symptoms. An example of this being used is by the NBA 

(Sprung, 2020) and (Oura, 2020). The ring enables early detection of the COVID-19 virus. 

Rockefeller Neuroscience Institute (RNI) is developing an “innovative digital PPE” way that 

can help identify infected users by monitoring and limiting capabilities for spreading the virus. 

The ring is accompanied by an app on the user’s smartphone which can help to measure sleep, 

heart rate and temperature, which can help predict when a user either needs to take a break or 

maybe becoming ill.  

3.6.2 Sports  

Kumari et.al (2017) has reviewed the increasing trends of wearable devices and the need for 

multimodal recognition for continuous or discontinuous monitoring of human activity and 

biological signals. The paper mentions a human emotion recognition system which was 

researched by Quazi (2012) which has reported that the data from the wearable devices may 

also be used to determine different emotions of the person under monitoring. An example of 

how human activities can be tracked during sports is by connected shoes which can track athlete 

speed and footwork. Pressure sensors in shoes can show where individual patterns in their 

weight and accelerometers open the capacity to track max speed, stopping power and in-game 

stamina. Measuring this data over time gives an ‘understanding dashboard’ to help athletes 

improve their performance (Deloitte, 2018). 

The system researched by Quazi (2012) was based on information provided by the 

physiological signals obtained from a skin temperature and skin-conductance sensor. The basic 

emotions considered in this work were happy, sad, angry and relaxed. One interesting 

application of wearable sensors in sports and exercise is to use the data collected from sensors 

for mapping real-world activities to the games, then, developing the activity monitoring system 

in such a way that it can produce an enjoyable game. Some authors have proposed the 
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development of a truly virtual mobile sports environment game “tablet-based exergame with 

wearable human body sensors” (Mortazavi, et al., 2014). The term “exergames” is an option to 

allow people with different preferences of exercise to gather for different situations to allow 

people to play or exercise” together (Park, et al., 2012). An example of this is connected 

Apparel such as clothing and wearables with embedded sensors that allow athletes to abide by 

their overall fitness. Heart rate, breathing rate and muscle utilization would now be able to be 

tracked throughout practices, scrimmages and in the game. After some time, athletes can 

emphasize vitality use all through games and realize when to take a rest or when to fuel up, so 

they have enough fuel to finish off a nearby game (Deloitte, 2018). 

3.6.3 Clothing 

Clothing and work wear (Sawh, 2018) for different professions such as firemen, military, police 

will see notable changes in their uniforms. The pieces of smart technology can be equipped 

with innovation that screens the individual's pulse and other imperative capacities when they 

are in high pressure and perilous circumstances (for example, battling a fire in an enormous 

structure). Sportswear and uniforms allowing smart clothing would not only monitor the 

athlete’s heart rate and other vital functions. The smart clothing would also track workout 

performance, be equipped with GPS for accurately track runs and help with safety and could 

potentially give the athlete tips on how to improve their performance. An example of clothing 

for work is Levi’s Commuter X Jacquard (Levi, 2020). The company Levi’s has collaborated 

with Google to create a non-stretch denim jacket that can be connected to Bluetooth enabled 

devices such as a smartphone. The wearable smart clothing technology can screen phone calls, 

control music volume, and even get you directions as easy as a tap or brush on the sleeve.  

Smart socks are an example of technology where misplaced or lost a sock can have the abilities 

to be found. These high-tech pair of socks have built-in sensors which can detect the pressure 

on your feet, especially when a person is running or walking. The sock connects to an app that 

will be able to improve your running style. Additionally, this device is also useful for tracking 

your steps, speed, altitude, distance travelled. And the sock can help identify and assess harmful 

running styles by monitoring the foot landing technique when running which a heat map can 

visualise a heat on a map (Sensoria, 2020). Also, there is a smart sock available for babies 

Owlet Smart Sock allows the same pulse oximetry technology used in hospitals to monitor the 

baby’s heart rate, making sure the baby’s sleeping and breathing have not been interrupted. 

Some of the features consist of Bluetooth and Owlet's new Connected Care platform (Owlet, 
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2020), which will help you identify potential health issues like sleep irregularities, pneumonia, 

bronchiolitis, chronic lung disorders and heart defects. 

Designers are exploring the concept of combining IoT with clothing to create smart clothing 

that can give the location when the item has been misplaced. Sensors in the clothing could send 

your phone a signal letting you know exactly where that article of clothing is. Additionally, 

this kind of tech will also help manufactures and suppliers as well. As above the example of 

Levi’s jacket another casual clothing example is the Tommy Jeans Xplore (Lockwood, 2018). 

Tommy Hilfiger has released a fashion line that features hoodies, sweatshirts, jackets, jeans, 

caps, and bags that can monitor product usage. Each product has a special chip that can track 

how often the product is used and even where it is worn. 

3.6.4 Education  

The paper published by Dafoulas et. al (2018) has demonstrated how sensors can be used to 

assess learner’s performance in an educational context, by conducting several pilot studies. The 

study used a range of measuring data such as heartbeat, emotion detection, sweat levels, voice 

fluctuations, duration and pattern of the student's contribution. The main sensors used in the 

pilot studies were blood pressure and heart rate to assess the stress of the participants, the skin 

response sensors which collect information on the perspiration of the participant, audio 

recognition and cameras to detect voice and facial recognition patterns. Biometrics that were 

collected shows how learners contributed during the activities and to help evaluate the 

collaboration of students working within a group. By using the biometrics successfully 

according to the results the students can get an idea of their individual preferences on project 

management, team coordination and presentation skills. This data can help the student improve 

their future presentation skills.  

Another way sensors and IoT can be used in education, is the use of virtual reality to give 

feedback. Schneider et al (2019) demonstrate how a multimodal sensor-based application is 

designed to assist the development of public speaking skills which can be extended with virtual 

reality (VR) real-time feedback (Schneider, et al., 2019). The study focused on a technical 

objective which had some concerns with the feasibility of extending the multimodal sensor-

based application with a VR module (Microsoft HoloLens) also user experience objective 

which allowed to get the level of satisfaction of interacting with the VR application. The study 

indicated both positive attitudes of the participants towards the VR and the application.  
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The Electronics Department in Imperial College London has found the extent to which level 

of student engagement and learning can be enhanced by allowing students to perform signal 

processing exercises on their data which is collected. The department allowed students to use 

new wearable technology and video instructions as a guide to record their ECGs and perform 

both time and estimation of tasks in the real world. The overall results from the experiment 

included gaining experience by students on recording hardware and sources of signal baseline 

(Kanna, et al., 2018). 

3.6.5 Home  

IoT contributes to the internet connection and remote management of mobile appliances, 

incorporated with a variety of sensors. Sensors may be attached to home-related machines, 

such as lights and other environmental device (Domb, 2019). 

An application on IoT is a smart home. A ‘smart home’ is used to define a house that has a 

communication network that is connected to different appliances and allows them to be 

controlled, monitored and accessed remotely (Stevens, 2018) The device must be a smart 

device that allows connection to the internet. An example of products that may feature in a 

smart home is the following: 

Smart Indoor and outdoor cameras capture images that can be used to extract specific 

information from an event and allow users to make decisions when they receive notifications 

on their app for the smart camera. For example, smart cameras can provide real live proof of a 

criminal and provide useful proof to the police. An example of the latest smart camera is the 

Google Nest security camera (Screwfix, 2020). The smart camera allows HD video resolution 

and is connected to the internet which allows the camera to alert the user’s phone as well as 

allow interactivity. Google and Nest have collaborated to provide a service that allows 24/7 

continuous recording and person alerts (Google, 2020). 

Security is not the only aspect of the home that can be smart. There are many devices out which 

allow people to control their home using voice control. Systems like Amazon Echo and Google 

hubs. Voice-controlled devices allow human-like interactions using speech recognition to 

understand the commands and answers possible questions. Examples of the latest hubs and 

voice controlling products are Google Nest hub, Amazon Echo combined with Logitech 

harmony hub. Google Hub, Amazon Echo Show and Logitech hub (Logitech, 2020) allow 

controlling the smart device that is connected to the internet from one device which helps to 

improve seamless connections with a compatible with other smart devices (Google, 2020). The 
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Google hub and Amazon hub have touch screens that enable users to use the screen rather than 

voice assistance (Amazon, 2020). All the hubs mentioned above allows the user to be informed 

and be kept up to date with the latest news and weather (John Lewis, 2020). The touch screen 

can display appointments, shopping lists and reminders that are synchronised with apps on the 

hub. 

3.6.5 Gaming 

PlayStation is a video game console developed by Sony. In the latest update, a new controller 

(PlayStation Move) was released, it can measure heart rate and carry out sweat sensing 

(Playstation, 2020). PlayStation Move is a motion-sensing game controller platform by Sony, 

which was first released for the Play Station 3 game console. Based on a handheld motion 

controller wand, PlayStation Move uses a PlayStation Eye camera to track the wand's position 

and inertial sensors in the wand to detect its motion. Sony has confirmed that the new PS5 

gaming system will have a controller which will allow the user to gain biofeedback via heart 

rate and detect sweat while playing different games. 

Xbox Kinect is a motion-sensing input device, implemented by Microsoft for the Xbox 360 

game console. By 2018, Microsoft had discontinued all Kinect hardware for video games as 

there was raised concerns related to privacy (Microsoft, 2017). The technology includes a set 

of hardware originally developed by PrimeSense, incorporating cameras, infrared projectors 

and detectors that mapped depth through structured light and a microphone array, along with 

software and artificial intelligence from Microsoft to allow the device to perform real-time 

gesture recognition, speech recognition and body skeletal detection for up to four people, 

among other capabilities (Crawford, 2011).  
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3.7 Chapter Summary   

In this chapter, a proposed solution for Children’s Independent Mobility (CIM) is introduced 

by using a technical approach using smart technologies, especially the focus on IoT (Internet 

of Things). The main contributions which were fulfilled within this chapter were: (i) To provide 

a correlation between Independence Mobility with the use of IoT (ii) To provide an up-to-date 

review on sensor technology and (iii) Propose a solution for parents/guardians and their child 

of independent mobility and physical activities.  

This chapter has provided insight and reviewed what a smart wearable consists of and how it 

is used in different scenarios other than for health, this can also provide a solution for other 

problems. The proposed solution is a children’s smart wearable that should be able to (i) 

monitor vitals such as heart rate or be able to detect emotion (ii) track location and (iii) track 

physical activity. A combination of different devices was compared from smartwatches to 

fitness trackers which can provide a solution for CIM. The compared devices and methods 

demonstrate the significance in the precision and reliability for collecting data on location, 

vitals and wellbeing of a child and are obtained by the proposed method for this thesis. 

The impact of using wearables as a method to collect data has been reviewed and the wearable 

can be worn and adjusted on a child’s arm for comfort, minimal weight and size and be able to 

wear for everyday use. All devices that were selected were assessed fulfilled the requirements 

in terms of the cost of the product, the weight of the product and connectivity. All the devices 

were first reviewed in terms of the popularity of the device, child-friendly and age range, cost 

of the device and the capabilities of the device. As further criteria were investigated, devices 

were eliminated which did not fit the purpose and requirements. Three devices were 

highlighted (i) Fitbit Charge HR (ii) KIDS Nav Venture and (iii) XPLORA GO activity band 

through a process of fulfilling the requirements and other features and functions which may 

come in use. 
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4. Methodology 

This chapter provides a summary of the results from the different methodologies used within 

the different phases of data used within this thesis. The focus will be on how this research was 

taken place: (i) Literature Review collections from papers, Action research (ii) Phase 1 (iii) 

Phase 2 - Focus group via survey (iv) Phase 3 – Observation using the proposed device and (v) 

Phase 4 – Parent and child experience survey, which will all be the contribution of this research 

and can be seen in Figure 31. Phase 2 of the methodology had to be replanned, due to the 

COVID-19 pandemic. All the surveys were published using Qualtrics. The original idea was 

to collect the data first-hand by myself alongside parents as well as having more participants 

for this research.  

Due to restrictions of no face-to-face contact, the number of participants had to be lowered. 

Additionally, other factors such as delivery costs and the cleaning of equipment had to be 

considered. Also, an opportunity had arisen to be able to get information regards to the covid-

19 pandemic and how it has affected parents and their child’s habits with the use of technology 

and health and well-being.   

 

Figure 31- Stages of research process 
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4.1 Analysis of Papers Used  

The literature collection consists of 120 papers which include relevant findings and case studies 

on the different key papers associated with this research. The main keywords are within 

Children’s Independent Mobility and the Internet of Things (IoT). The literature method is split 

into three categories which were (i) Background – Insight and basic readings (ii) Relevant 

papers which focused on the areas of this research and relevant case studies and (iii) Focus 

papers which entailed the focus areas for this research. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 32 - Literature Review Analysis 
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(i) Chart 1 in Figure 32 represents the number of papers used and the three main types of 

papers that were used and how many in each type. The most used type of paper is from source 

B which had 55 key focus papers, where the relevant papers consisted of the focus areas and 

had useful: case studies. And (ii) Chart 2 shows a bar chart depicting the number of papers 

published per year. The darker the shade of blue shows the most papers within that year. The 

year with the most papers was 2018.  

  

Figure 33- Number of papers per source used 

Figure 34 - Number of papers used per year 
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(iii) Chart 3 includes a bar graph. The top five key themes that were indicated and discussed 

throughout this thesis were (i) Children’s Independent Mobility (ii) Emotion detection (iii) 

Smart wearables (iv) Health and well-being and (v) Children’s physical activities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Charts 4, 5 and 6 below entail three bar charts which are split into three key focuses which are 

(i) Emotion (ii) Technology and (iii) Health and well-being. This helps to demonstrate where the 

theme was used in the focus areas. In the emotion chart, the most common theme that is indicated 

is emotion tracking. Within the technology, the most popular key theme is smart wearables and 

finally, the children and Well-being is Children’s Independent Mobility. These themes also 

correspond to the focus and area of this thesis. All the charts below use the same colour scheme. 

Figure 35 - Number of key theories per year 
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Figure 36 - Key themes found in Emotion and Health & Wellbeing 

Figure 37 - Key themes in Technology 
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4.2 Phase 1 – Part A  

Figure 38 - Device habits (General Public) 
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Phase 1 supports stage 1 of the proposed solution which entails a survey that had two parts, 

Part A includes a small sample of perspectives from the public. Their responses will help 

explore views, concerns, practices, and their experience of the use of technology and 

contesting the idea of “screen time” on how people engage with different technologies. Part B 

of the survey allows exploration of the focuses within the family and their view, concerns, 

practices, and their experience of their own and concerning children within the house. This 

survey was collected anonymously using Qualtrics, and the link to the survey was sent to 

participants. This phase consisted of 56 people for part A. Questions asked can be found in 

Appendix 3. Part A analysis includes two dashboards where the first dashboard consisted of an 

analysis of the participants' devices and their uses, and the second dashboard includes the use 

of smart technology including smart wearables.  

Figure 38 illustrates a dashboard that includes device habits from the participants in the form 

of three charts which include: 

Chart 1 represents the number of participants who took part in the first phase of the survey. 

The chart shows 56 participants and from which age group they belong too. The greatest 

number of participants were from the 16-25 age group followed by 36+ and then the 26-35 age 

group. 

Chart 2 shows devices used between different ages. From the previous chart, the participants 

were split into age ranges which were indicated in the survey, age ranges were (A) 16-25, (B) 

26-35 and (C) 36+. With the ages indicated, the participants were asked which devices they 

use. The choices of devices that were given were (i) Computer (ii) Drones (iii) Game consoles 

(iv) Other (v) Smart Wearables (vi) Smartphones and (vii) Tablets. There was a response to 

another option which was a Smart TV. 

From the visualizations, there is a pattern within different age groups and the device they use. 

The main pattern is the use of computers and smartphones within the age groups.  

(A) The age group for 16-25-year olds have a majority with 29 participants using smartphones. 

This may be due to the device being small enough to do different things within one device. The 

least used device included in this age group are drones.  

(B) A similar pattern is detected in the 26-35 age group where the smartphone was the most 

used, followed by computers. Again, the least device used is drones followed by game 

consoles. Compared to the previous age group more participants owned game consoles and 
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smart wearables. This may be due to the trend of smart technology growing within the younger 

age group as shown in Figure 27. 

(C) The last age group which was 36+, the same pattern in the two above age groups were seen 

for computers and smartphones. Just like the participants for age group smart wearables were 

more used within these age group compared to the age group of 26-35-year-olds, like seen in 

Figure 27 more older people seem to be health concerned and want to try to prevent conditions 

from getting worse. 

Chart 3 entails devices and their uses. Participants were asked when using the devices what do 

they use the device for. The six categories which were given were (A) Communication (B) 

Entertainment (C) Learning (D) monitoring health (E) Tracking activities and (F) Watching 

videos. 

(A) Communication: The most popular device used for communication was smartphones 

followed by computers. As seen in the previous chapter within the thesis devices are most 

popular due to size, features and functions.  

(B) Entertainment: The tablet was the most popular device used for entertainment, followed by 

smartphones. Tablets tend to be the perfect size for playing games and streaming movies. The 

least device used for entertainment was drones. This may be due to a limit on what it can do. 

Compared to communication, computers were less used for entertainment, but a rise of tablets 

was seen within the purpose of entertainment. 

(C) The third category is learning; the preferred device for this is the computer. Followed by 

smartphones this may be due to the pandemic where many schools have resulted in transferring 

education online. Compared to the use of tablets for entertainment, less than half use tablets as 

a learning tool. Additionally, there was the same response between the use of game consoles 

for both.  

(D) The next category option is monitoring health; participants have indicated that smart 

wearables are more used for this purpose, following smartphones. Both devices can do both 

but is a question of which one is more accurate in collecting the information.  

(E) The final category is for watching videos, the preferred device is a smartphone followed by 

computers. Overall watching the video category has similar findings to learning. Both 

categories have a smartphone and computer which are the most used. 
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Some devices indicated more usefulness and were popular in terms of the purpose it was 

produced rather than other purposes as shown in the above Chart 3 in Figure 38. For example, 

a smart wearable is more popular for tracking activity and monitoring vitals rather than for 

learning or communication. 

Part A – Dashboard 1 data collected allows a comparison between data collected in the 

literature review specifically in Figure 17. This figure shows the most used devices used to 

access the internet. The data collected from part A shows the devices and the use of the devices 

indicated by the participants. Figure 38 shows that the smartphone is the most used device 

within all the age groups, correspondingly, in Figure 17 smartphone was the most popular 

device which was used to access the internet. Figure 14 shows what the popular device is used 

for devices that were picked were smartphones and tablets – this can also consist of the data 

collected for this thesis. Similar options were given to the user for this research and again the 

same result smartphones used for watching or streaming movies and videos. 
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Figure 39 - Use of Devices (General Public) 
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Figure 39 shows the second dashboard for phase 1 which interprets the summary of 30 

participants who own smart wearables and use and habits of smart devices. This data 

visualization will include five charts that will represent the data collected.  

Chart 1 represents the main uses of smart wearables from participants perspectives. The options 

which were given were (i) Activity tracking, (ii) Losing weight, (iii) Keeping track of existing 

health problems and (iv) Other.  

The most common usage for the smart wearable is activity tracking according to the response 

from 18 participants. As shown in the above chapters, smart wearables are useful for collecting 

information and detecting movements with a person wearing the smart wearable. Additionally, 

it allows people to keep track of what they have done and any health insights while doing these 

activities.  

Losing weight was the second popular option with 7 participant responses. As previously shown 

in the previous chapters smart wearables can help monitor weight either gaining or losing weight. 

This is the same reason for keeping track of existing health issues. 

The “other” option had 3 responses which were for checking the time, checking notifications 

also learning about new technology. As the main reasons were given according to the literature 

review, some responses were based on other features which were not considered smart or similar 

features to the purpose of a smartphone. 

Chart 2 demonstrates the most useful function for a smart wearable for participants which own 

or had previously owned one. This bar chart shows the number of votes given by participants in 

their opinion in which of the main 5 functions were more useful to them. The following options 

were given (A) Activity tracking, (B) Display of time, (C) Display of weather, (D) Monitoring 

vitals and (E) Payment method. 

The chart shows the most useful function for the participants was being able to display the time 

while wearing the device, this may be due to the purpose of a normal watch. Followed by the 

second-highest useful function activity tracking, monitoring vitals, display of weather and the 

least on is the payment method. As only some devices enable payment by smartwatches or fitness 

trackers this may be the reason why it was the least useful function. 

Chart 3 signifies the relation between the most popular devices used by participants and how 

long they use the device for work purposes. The devices were (A) Smartphones, (B) Computers 

and (C) Tablets.  
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As seen from the three devices both computer and tablet have a similar pattern and at the hours 

spent per week. The most hours spent on both the devices can range up to 6 and more hours. 

Whereas smartphone was the less preferable device for work use, as only 9 participants use 

phones for work purposes. The average number of participants who use smartphones is 

considerably less than the other two choices of devices.  

Both computer and tablet have the same result with the number of participants that answered, 

and the number of hours spent on the device. Computer and tablet use is mainly 2-4 hours a 

week where the tablet is used for 6 or more hours a week. The average number of participants 

who use both computer and tablet is the preferable device from out of the three options given. 

Chart 4 reflects on the responses given for the three devices which were popular among the 

participants and the hours spent on the device for leisure purposes. Leisure time meaning spare 

time or for entertainment purposes. The devices were (A) Smartphones, (B) Computers and (C) 

Tablets. In this chart, there is a big change in the number of hours participants use the devices 

compared to the use of work. 

Smartphones majority of the participants use their device for at least 2-4 hours per week for 

leisure, compared to the users that use the same device for 0-1 hour the numbers have decreased 

drastically. Additionally, compared to the participants who use smartphones for 6 or more hours. 

The computer seems to be less used for leisure compared to the smartphone as only 5 participants 

have said they use the computer for leisure. 4 of the participants use it between 2-4 hours and 

only 1 has indicated for 6 or more hours.  

Tablets seem to be the second most popular device which is used for leisure purposes. Most of 

the participants using the device for 2-4 hours per week compared to the participants which used 

the same device for 0-1 hour and 6 or more hours. 

Both charts 4 and 5 show that participants have two main devices which they use but for different 

things. For example, chart 4 shows that a computer is the most preferable device compared to 

chart 5 which shows a computer is the least popular device to use for leisure purposes. 

Chart 5 represents time spent on devices during the lockdown. The colour scheme is red to 

green, red being a decrease of time and green being an increase of time. The number of 

participants who took part was 55. The only decrease that was found was for 2-3 hours and the 

rest was increase within 0-1 hour and 5 or more hours. The most increase was for 0-1 hours 
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where 35 of the participants responded. 2-3 hours was the second increase during lockdown 

followed by the least hours spent which was 5 or more. 

Part A – Dashboard 2 data collected allows a comparison between the data collected within the 

literature review specifically in 3.4 Children’s Wrist Wearables. This section discusses the useful 

features and functions of smart wearable devices, this section relates to some of the functions 

given as an option to the participants. Some of the functions that were needed in this study were 

(i) the ability to monitor heart rate or emotion data (ii) tracking location and (iii) Activity tracking 

ability. Within the study conducted for phase 1 second, the most popular function was for activity 

tracking followed by monitoring vitals as the fourth option which shows the functions are useful 

to participants in terms of monitoring health and well-being.  
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4.3 Phase 1 – Part B 

Figure 40 - Use of Technology (Members of a household & Children) 
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Part B of the survey allows exploration of the focuses within the family and their view, 

concerns, practices. This includes their own experience and children within the household. This 

was within the same questionnaire, but some participants were not eligible as they do not have 

a child or children under 18 within the household. Questions asked can be found in the 

Appendices. Part B analysis includes two dashboards where the first dashboard consists of an 

analysis of the participant's devices and their uses, and the second dashboard includes questions 

about the technology used by the children and questions about the child’s independence. 

Figure 40, shows a dashboard that includes device habits from the participants in the form of 

four charts which include  

Chart 1 represents the number of participants who took part in this phase of the survey. The 

chart shows 15 participants with a child or children under 18 took part and 41 who did not take 

part. 

Chart 2 show the number of participants who own a smart wearable and the ones that do not 

are asked why they do not own one. Some of the reasons for not owning a smart wearable were 

(i) Too expensive (ii) Not ready but will consider buying one later and (iii) not all functions 

are met when looking or purchasing one. 

Chart 3 shows the ages where the participant's child or children fall under and which devices 

the children use. the chart is split into different age ranges which the participants were given 

as options. The options of devices that were given were (i) Computer (ii) Smart toys (iii) Smart 

wearables (iv) Smartphones (v) TV and (vi) Tablets. As seen from this chart and many other 

collections of data within this thesis smartphones are the most used devices also seen within 

the age groups within this study. Throughout the age ranges, there is a range of devices used 

within the children asked for this study. The device which is the most popular within the age 

group 0-1-year-old was smartphones. Followed by computer use, TV, and tablet. Compared to 

the age group 2-3-year olds, smartphones were popular within this age group too. But the major 

change was in TV and the use of the computer. The latest devices used within the 4-5-year olds 

are the use of smartphones and tablets. 6-7-year olds use a range of devices most popular being 

smartphones, followed by computers, smart wearables, tablets and then the use of TV. 

Chart 4 entails the number of responses from participants on the purpose of the use of the 

device. The categories that were given were (i) Communication (ii) Learning (iii) Monitoring 

health (iv) Playing games and (v) Watching videos. 
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This chart highlights why a child/child use the devices. Watching videos on streaming services 

such as YouTube, Netflix, and Disney+ is the most popular reason why children use the devices 

above, followed by playing games as there is 14 responses, learning, communication and 

finally the least reason to use the devices is for monitoring health conditions. The most used 

device also is a smartphone shown in Figure 17. 
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Figure 41 - Technology Use & Independence given to 

Children 
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Figure 41 shows the second dashboard for phase 1-part b which interprets the hours spent on the 

technology and how it affects children, the independence of the child and functions from a 

parent’s perspective on which is more useful. 

This data visualization will include 6 charts that will represent the data collected.  

Chart 1 represents the hours spent on the devices by a child. The bubble chart shows the bigger 

the bubble there was more responses for the option. Also, the colour represents the hours which 

were the options given for the participants to pick from. As seen from the chart the biggest bubble 

was 2-3 hours where parents responded with their child using the devices for this long. 

Additionally, followed by children using the device for 0-1 hour and then with one response for 

the child using the device for 5 or more hours.  

Chart 2 shows the time spent by children on devices during the lockdown. Again, the chart is 

similar to Chart 1. The bubble chart shows the size of the bubble which depends on the response 

also the colour represents the hours spent. The hours compared to the regular use of the device 

has changed drastically. The time compared to the regular hours for children using technology 

have increased by 2-4 hours combined with the regular time. Additionally, there was an increase 

in more children using the devices for 5 or more hours. 

Chart 3 illustrates the ranking given by the person with the parental responsibility of the child. 

This chart is showing the rankings given from the parent’s perspective on how useful they 

believe in monitoring their child’s health and wellbeing is to them. The participants were told 5 

or less would be classified as not useful and 6 or more was useful. Overall rankings shown show 

that the important as participants have voted 6 or more, which show importance to the 

participants. 

Chart 4 illustrates the ranking given by the person with the parental responsibility of the child. 

This chart is showing the rankings given from the parent’s perspective on how useful they 

believe tracking the location of their child is to them. The participants were told 5 or less would 

be classified as not useful and 6 or more was useful. Overall rankings show that participants 

have voted 6 or more, which show importance to the participants. Compared to the chart above 

(Chart 3) the importance of both features is equally as important as each other when considering 

the factors for their child. 
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Chart 5 exhibits how independent the participant's child is. The participants had to rank the 

following statements from 1 – 10, where 5 or less what no independence has given and 6 or more 

was independent or the independence was given. The statements included were  

(i) “Allowed to crossroads without adult supervision”  

For this statement, the majority of the participants have voted that the child is less independent 

when crossing road without adult supervision this may be due to the factors that were discussed 

that affect children’s independent mobility. By collecting this information, it allows us to see 

how technology can resolve these issues and is the main purpose of this research. 

(ii) “Allowed to go to a friend’s house without adult supervision” 

This statement also shows less independence is given to children without supervision to go to a 

friend’s house on their own. As in the previous section, there are many reasons why this may be 

an issue. 

(iii) “Allowed to play in the garden without adult supervision” 

The next statement demonstrates that participants were more likely to give independence to play 

in the garden compared to other crossing roads and going to a friend’s house without supervision. 

This may be due to the safety of the boundary within the space of the garden. 

(iv) “Allowed to walk and from school with a friend” 

Again, the same pattern occurs for this statement less independence was given due to the lack of 

supervision of the child.  

(v) “Walking in the neighbourhood without adult supervision” 

For this statement, the responses are the same nor do the results indicate independence or not. 

Only 1/5 of the statements was given some form of independence without adult supervision and 

the rest were limited with independence and activity.  

Chart 6 entails an indication of conflicts between technology and their parent. The most reason 

with the biggest response was a conflict with the amount of screen time the child is using the 

devices. This is also shown in previous chapters within this study, which show that screen time 

allowances have been ignored. Followed by conflicts with homework, some devices can be used 

for learning or doing homework but can have many features and functions which can lead the 
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child to be easily distracted. The results that were tied were bedtime and activities the children 

do on the device. 

4.4 Phase 2 - Focus group via Survey  

  

Figure 42 - Focus Group - Children’s Use of Technology 
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A focus group was done by a survey due to no face-to-face contact had consisted of the same 

questions or more which would be asked included the ones for the use of technology in the 

pandemic. This phase and the below phases will consist of the same 10 parents/guardians and 

their child(ren). Phase 2 allowed to identify the perceptions of a child and their parent regarding 

independent mobility and the health and wellbeing of the child, which again support phase 1 

of stage 2. The questions will consist of their parents and their child’s habits with technology. 

Questions asked can be found within the Appendices. 

Figure 42 shows a dashboard that includes results from the focus group where the first 

dashboard shows the use of devices by children who participated in the form of five charts 

which include: 

Chart 1 represents the number of participants who took part was 10. 

Chart 2 illustrates the devices used by children and why they use the devices. The three options 

that were given were (A) learning (b) Playing games and (c) watching videos. The 4 most 

popular devices used by children from this survey were (A) Smartphones (B) PC/Laptops (C) 

Tablets and (D) TV. 

Children used smartphones for playing games the most, followed by watching videos and 

learning. As there are loads of applications and games widely available on both platforms 

Apple and Android this is a convenient way to entertain children.  

PC/Laptop was mostly used for learning purposes followed by playing games and watching 

videos. As PC or laptop will be easier to use for learning and working purposes.  

Children used the tablet for watching the videos the most, this can be from YouTube to online 

streaming apps or sites. Followed by playing games and using the tablet for learning as the 

same result. Tablets are the same as mobile, they can be both cellular or Wi-Fi connected but 

have a bigger screen compared to a phone. 

And lastly, TV is used mostly by children to watch TV and playing games, as TVs come with 

a massive screen and smart TVs are connected to the internet, so there are many possibilities 

for children such as watching live TV or streaming videos such as cartoons. 

Depending on the age of the child and usability of the devices as seen children use a variety of 

devices this can be due to usability or parents’ preference. As we can see from Figure 13, there 
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is a high percentage of children using a device for watching videos and also the use of a tablet 

and computer is very high. 

Chart 3 uses the information which follows on from chart 2 which is how long roughly per 

day do children spend on those activities. The graph is divided into the three main reasons from 

chart 2 on why they use it and the bars how different colour for the different number of hours. 

(A) Learning by apps the most time spent on is between 2 -3 hours by 5 participants followed 

by 0-1 hour with 2 participants in total 7 participants said they use the device for learning. 

(B) Playing games: The most time spent on playing games is between 0-1 hour followed by 2-

3 hours 3 participants and 4-5 hours with 1 participant in total 8 participants said they used the 

devices for playing games.  

(C) Watching videos, the most time spent is 0-1 hours with 6 participant responses followed 

by 2-3 hours and 4-5 hours with 2 participants each in total 10 participants said they use any 

of the devices within chart 2 for watching videos.  

This information on the use of the internet is linked with Figure 13, the internet according to 

Statista is the number 1 reason why the internet is used for watching movies or videos online 

followed by using online applications this can be for learning.  

Chart 4 represents data for the average time spent per day on devices used by children. 

This bubble graph is divided into the three timeframes given within the survey (A) 0-1 hour 

(B) 2-3 hours and (C) 4-5 hours. 

The most popular time taken on the devices is 2-3 hours with 6 of the participants followed by 

both 0-1 and 2-3 hours. The results show that participants are going above the average time 

before the pandemic as shown in Figure 13. 

Chart 5 demonstrates the time taken during the devices and mentioned in the above charts 

during the lockdown. Participants have agreed all their times have increased- 0-1 hour has 7 

participants where the time was increased, 2-3 hours was selected by 2 participants and 6+ 

hours by 1 participant. As seen in   
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Table 3 the recommended times for children are a maximum of 2 hours with the age range 11-

13-year olds per day. 
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Figure 43  - Focus Group - Smart Wearables for children 
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Figure 43, is the second dashboard which continues from the same survey which includes 4 

more charts: 

Chart 5 signifies the consideration from parents on whether they would buy a smart wearable 

for their child. 9/10 has said they would and only 1 said no – this may be due to the cost of 

having one or that the child would not like wearing one also other consideration may have led 

to this decision. 

Chart 6 is a word cloud where it represents keywords that were highlighted from the parent’s 

response on why they would consider a Fitbit or similar for their child. The bigger the text, the 

more responses the word had, and the colour represent different words. So, the most popular 

reason why a parent may want to buy a similar device for their child is monitoring vitals 

followed by tracking location, communication and the least reason is activity tracking. 

Throughout the literature, it has been highlighted and the main reason for this research is for 

monitoring the vitals of a child and has been proven that parents are concerned about their 

child’s health and well-being. 

Chart 7 illustrates the rank of the most useful feature from a parent’s perspective. This bubble 

chart shows different colours which represent different features, and the size of the bubble 

shows the bigger the bubble, the higher the rate was given, and vice versa. From looking at the 

size of the bubble, the most useful feature is feedback on the health and well-being of the child 

with 7 votes followed by tracking location with 6, good communication with the child which 

had 5 and the least useful one was to be able to detect emotion for the child.  

Chart 8 indicates the parental preference for smart wearable device features. The most 

important feature parents would look for is battery life with 5 votes followed by ease of use 

with 3 and last is tracking location.  
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4.5 Phase 3 - Observation & Consent forms  

This phase supports Phase 1 of Stage 3 of the proposed solution. The focus of the study is to 

provide a better understanding of how the Internet of Things (IoT) can help track location, 

health and wellbeing and vitals of a child, which could support Children’s Independent 

Mobility. This phase will consist of (i) 10 children aged 3-10 years old (ii) Maximum time 

which was 1-3 hours to complete the activities and (iii) Age selected activities which are given 

to the children to conduct.  The data will be collected by a child’s smart wearable device Fitbit 

Charge HR which will provide sufficient data to analyse from the activity conducted by a parent 

from the instructions given. The chosen smart wrist wearable for this research is a Fitbit. Before 

the observation parents/guardians had to fill in consent forms and were given instruction sheets 

which included details of the experiments and the data collected. The consent form will collect 

personal data from the parents about the child such as (i) Age (ii) Height (iii) Weight (iv) 

Gender and (v) Date of birth. 

This stage took 4 months to collect relevant data including delivery days of the equipment. The 

activities below could be conducted in any order best suited to the parent and child. Based on 

the literature review, six suitable activities were assessed in terms of different ages and abilities. 

In addition, the activities showed children to be engaged with the data collection in order to 

help collect sufficient data based on the child’s emotion, heart rate and wellbeing. 

The activities are as follows:  

(i) Building the tallest tower or create something imaginative  

This activity allows a level of competition, by allowing level this an provide a resourceful 

insight into what the child’s emotion is which can be detected by heart rate. This activity allows 

a child who is wearing the Fitbit to create something imaginative.  

(ii) Treasure Hunt  

This activity will Treasure Hunt involve children moving around the house or environment 

suitable for the parents which enable the parent to hide a prize which they will have to look for. 

Parents can give hints or clues on whether they are close or far away from the item that has 

been hidden. The activity will provide detection of what physical activity is being conducted, 

the location of the child and calories or steps they may have taken all while wearing the Fitbit.  
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(iii) Colouring or dot to dot activity  

This activity helps to measure a relaxing heart rate as colouring, or similar activity is known 

for relaxing. The child will have to colour or complete a couple of pages from the books 

supplied to allow sufficient data to be taken.  

(iv) Jigsaw puzzle   

This activity would allow the measurement of skills that are developed. This may show emotion 

within the child such as they may succeed in putting the puzzle together which may show 

happiness. The child will have to put together 2 puzzles out of the 4, and they may wish to do 

all 4. The puzzles consist of two levels one being easy and 2 being hard. 

(v) Card matching game 

This activity will allow parents to show the child the cards. Once the child is familiar with the 

cards the parent can either leave them or scramble them for the child to match two identical 

cards. This will allow the child’s knowledge and memory to be tested. 

(vi) Balancing on a tape game 

This activity enables children to be able to balance on a piece of tape cut at any length to be 

able to balance on the tape which is stuck to the floor. This allows the child to demonstrate 

their ability to balance. 

The equipment needed for this phase were: 

• Hard copies of Instruction sheets for the study and consent sheets  

• Cleaning wipes 

• Fitbit Charge HR 

• Jigsaw puzzle 

• Some building blocks 

• A prize for the treasure hunt 

• Memory card game 

• Roll of colourful tape 

• Colouring/puzzle book with Pencils /Pens 

 

All the equipment needed for this research were sent to the participants listed above. Also, 

antibacterial wipes to clean the device after use. Due to the pandemic, there was no face-to-

face contact and had to instruct the parents on how to experiment on my behalf, using the 

equipment that was needed for this.  
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In Figure 44, the steps on how the experiment was conducted are shown.  

Stage 1 is an introduction of the study where a person with parental responsibilities had to fill 

in consent forms which can be found in (4) Phase 2 - Focus group Questions and had to read 

the instruction sheets to conduct the study. 

Stage 2 consisted of the participants wearing the Fitbit to adjust and see if data has started 

collected like a test before they conduct the activities.  

Stage 3 of the study was allowing children to conduct different activities in any order as 

explained above while wearing the Fitbit, also the data collected is shown from the Fitbit and 

then on the left is a sheet which is filled by the parent whilst conducting the study. 

Stage 4 is to synchronise the Fitbit to the device chosen by the parents. The data collected was 

then analysed using Tableau. 

  

Figure 44 - Steps for the Observation 
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4.5.1 Observation Analysis  
 

Figure 45 - Participants Analysis 
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The consent form consisted of many questions and permissions from participants and their 

guardians to collect personal and general data about them. The consent form can be found in 

the appendices of this research. The analysis above has summarised some of the information 

about the participants which was used for this research to obtain health metrics such as BMI. 

The dashboard above in Figure 45 has 4 charts which include: 

Chart 1 represents the number of participants who took part was 10. 

Chart 2 indicates the different ages of the children who took part. The different bars show how 

many, and the colours show different ages. The most used age group with the children aged 8 

which had 3 participants followed by the ages of 3- and 6-year olds which had both 2, continued 

by the age groups of 4,7- and 9-year olds. Having a range of ages gives more of a wider research 

area within different view from parents and children. This is important to the research as 

different aged children have different measures in screen time, BMI, and heart rate.  

Chart 3 includes the genders of the participants who took part. As seen from the chart there 

were more boys than girls which took part. 7 boys and 5 girls. 

Chart 4 entails the BMI result from the data which was collected with the consent form which 

included: DOB, height, and weight of the child.  As the research entails finding fitness levels 

for a child, BMI is a suitable way of finding this. BMI was calculated using the NHS website. 

The BMI showed 5/10 participants were a healthy weight, followed by 2 participants each for 

underweight and very overweight and one participant was overweight. This shows cross-

linking with 4.4 Phase 2 - Focus group via Survey which found that some children may have 

certain BMI results due to a lack of independence.  
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4.5.2 Pictures from Observation 

In this section, there are images from parents which were taken during the observation and also 

of the equipment provided. 

 

 

 

 

 

 

 

 

 

 

Figure 46 shows five images which are labelled A, B, C, D and E that were taken before the 

experiment and shows the equipment that was sent to participants. All the equipment is listed 

in the above section. Participant images were only used with the parental responsibility of the 

participant's permission and making sure the participant was not able to be identified.  

Image A -The device chosen for this research – Fitbit Charge HR 

Image B - Includes participant sheet, instructions sheets and emotion sheets 

Image C -The equipment to carry out the six activities including Lego, Tape, colouring pens 

and pencils, activity books, puzzles, card games and a prize. 

Image D- Shows all the equipment sent to a participant to a boy participant 

Image E - Shows all the equipment sent to a participant to a girl participant 

  

Figure 46 - Equipment used for the Observation 
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Figure 47 shows seven images that are labelled from A-G which show the children who took 

part in this study. All the participants were shown to be taking part in one of the activities while 

wearing the Fitbit, as specified in the instructions provided. All participants were advised it 

would take 2-3 hours, as some children were not focused on tasks. This led to some activities 

and timings were cut short. 

Image A – Participant taking part with the tape balancing game  

Image B – Shows participant doing the jigsaw puzzle 

Image C – Participant taking part in the matching cards game. 

Image D – Building a tower or something creative.  

Image E – Show a participant interacting with the colouring/activity book.  

Image F – Image of participant playing with Lego and the tower built. 

Image G – The participant reading clues for the treasure hunt to find the prize. 

  

Figure 47 - Observation - Activities conducted by participants. 
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4.5.3 Chosen Technology  

The chosen smart wrist wearable for this research is a Fitbit Charge HR which has met the 

requirements of this research which was to (i) track location (ii) monitor health and wellbeing 

and (iii) track activities.  This device is perfect as the device allows tracking of activities 

(walking/running/cycling) done through the day also track vitals such as heart rate. The device 

also has a little screen that can stand wear and tear. The screen can display a certain amount of 

data and can be fully analysed and shown on the device (e.g. laptop) to which the Fitbit is 

connected. The device is also light to wear which provides a comfortable user experience. 

Initially, there were two devices chosen one with Bluetooth connectivity and one with cellular 

connectivity which is shown in previous chapters. The cellular one was tested and failed to 

connect to a device. Also, the features of the device can be seen in Table 10.  

4.5.3.1 Fitbit Application view  

Parents/guardians all had full access to the connected account of the Fitbit. The parents could 

either use the phones to connect the Fitbit or use a USB dongle to sync the data from the Fitbit 

to a computer that is connected to a Fitbit account. Below are two views on different devices 

which show the dashboard and an overview of the information collected from the Fitbit device. 

Figure 49 shows the view of the three activities on the phone application. Fitbit allows 

automatic and wireless synchronising to an application on the user’s device this can be done 

using a handheld device and a PC. The application allows tracking for day and night activities 

done by the user, workouts insights, sharing progress with friends and guidance and tools for 

weight and nutrition monitoring. For this study, the application was used to sync the data 

collected from the Fitbit. The data was then downloaded from the Fitbit account and then used 

for analysis. The pictures shown in Figure 48 view how users such as parents can view the data. 

 

 

  

Figure 48 - Mobile and Desktop Application View 
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Figure 49 reveals from the left (A) Activity tracking (B) Location and (C) Heart Rate. 

4.5.3.2 Utilizing of features 

Pure pulse heart rate allows a continuous and automatic way of tracking the heart rate which 

comes embedded within the Fitbit tracker. The tracker allows real-time heart rate readings and 

measures throughout activities. Additionally, a resting heart rate is measured. This will help 

get measures on children when they are conducting several activities.  

Wireless Syncing lets users such as parents wirelessly and automatically connect to a computer 

or a Bluetooth device including smartphones. Additionally, this will help synchronise the data 

between the Fitbit and the phone or PC. 

The smart track features automatically recognise and records workouts and capture all the 

stats: like how long the user was active, calories burned and heart rate zones. This will be used 

as steps and movements will be automatically detected when conducting the activities.  

  

Figure 49 - Analysis from the Fitbit App 

A B C 
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4.5.4 Heart Rate data imported from Fitbit  

Charts within this subsection represent the data collected from each of the participants, these 

were created using Tableau. The data has been split according to the times and dates where 

parents have indicated when their child/children have taken part in all or some of the activities. 

As advised participants must wear the device 10 minutes before the experiment was to start to 

be able to get a resting or average heartbeat and that the experiment can be between 1-3 hours.  

Each participants data has three key factors which determine irregular heartbeat are: 

• Average heartbeat  

• Resting heart rate – Resting heart rate for a child according to 2.3.2 Vitals of a child.  

• Maximum heart rate for a child according to 2.3.2 Vitals of a child.  

 

Below is the data collected from the Fitbit device using tableau. Each colour represents a 

different hour depending on when the participants conducted the activities as mentioned above. 

 

Figure 50 - Heart Rate for Participants 1 and 2 
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Figure 52 - Heart Rate for Participants 3 and 4 

Figure 51 - Heart Rate for Participants 5 

and 6 
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Figure 54 - Heart Rate for Participants 9 and 10 

Figure 53 - Heart Rate for Participants 7 and 8 



116 
 

As shown within the literature review (2.3.2 Vitals of a child) the heart rate is an especially 

important metric to measure especially within a child. The heart rate gives a measure of how 

the heart is functioning and able to pump blood around the body. This research included 10 

participants, where a pattern was detected within these heart rates which shows that some 

children’s heart rate went up during certain activities and some stayed about the same or went 

lower depending on mood and activity being conducted. By allowing to gain heart rate data 

this can also show the HRV (Heart Rate variability).  

HRV shows tiny differences between each heartbeat (HRV, 2020). Currently, Fitbit does not 

have an automatic HRV measure, instead, the software Kubios was used to analyze the data. 

As some of the data collected from Fitbit did not have all the seconds within the time frame 

collected, interpolation was used. This was used to process a simple function which picks a 

certain timeframe where the function passes through all the given data points and produces the 

data points exactly – by using this, it gave every second within the data points from the data 

collected by the Fitbit.  

Below is an example of a report given by Kubios for the HRV and the heart rate data collected 

from Fitbit. 
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Figure 55 - Report from Kubios for Heart rate  

Rate 
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4.5.5 Emotion Method Used 

To calculate the emotion of a participant as detailed above, the heart rate data is put in software 

called Kubios (Open source). Kubios allows the analysis of data input from electrocardiogram 

(ECG) data and RR (data in milliseconds per heartbeat) interval data. The software additionally 

allows the computation of used time-domain and frequency-domain HRV parameters and 

several nonlinear parameters.  

The Kubios report shown above (Figure 55) the letters on the diagram are each feature which 

Kubios allows to calculate and as follows:  

Section A:  

• The participant's details – Gender, age, BMI, height and weight 

• A measurement of data – Date, start time, duration and number of analysis data  

• Results for sample – Sample start, sample length and beats corrected  

Section B:  

• The first chart shows the RR time series which shows all RR intervals within the data. 

• The second chart shows selected RR series – Only shows selected intervals. 

Section C:  

• The charts with the RR intervals show resting values of the heart rates using the PNS 

and SNS values which can also be found within the literature review. 

Section D: 

• Time-domain results show the mean RR, mean HR, min HR, max HR, SDNN, RMSSD, 

NN50 and stress index.  

• On the right of this is the frequency domain results which helps to calculate peak 

frequencies with the RR intervals with a diagram of the RR spectrum within the data. 

Section E:  

• Point care plots and detrended fluctuation with the information in tables to show what 

the graph represents in detail. 

The information which was used from the report was the RMSSD value and the point care plots 

which help to enable extract the emotion.  
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RMSSD values which assess HRV and the successive differences within the nearby RR 

intervals is calculated by: 

(𝑹𝑹 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍 𝟏 –  𝑹𝑹 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍 𝟐) ² +  (𝑹𝑹 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍 𝟐 −  𝑹𝑹 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍 𝟑) ²  

√𝑹𝒆𝒔𝒖𝒍𝒕 𝒇𝒓𝒐𝒎 𝒕𝒉𝒆 𝑹𝑹 𝒑𝒆𝒂𝒌 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍𝒔 =  𝑹𝑴𝑺𝑺𝑫 

 

The data was split per participant and per activity from all 10 participants. To make sure the 

emotion was accurately collected from the data- parents were asked to fill in a sheet as shown 

in Figure 56.  

 

The parents were advised to fill in the time where the child was experiencing emotion the most. 

These emotions were chosen as they are the most commons ones used as detailed in the 

previous chapter in this thesis. They could be an “X” in the boxes or more than one “X” if they 

were feeling a strong emotion with the time and activity the child was feeling. By collecting 

this data with the Fitbit data allows us to compare and get more accurate emotion with the heart 

rate and time stamps to show when. 

4.5.5.1 Analysis and result of emotion data  

Some emotions which were given as options such as fear and disgust were not experienced as 

much. As interpolation was used, some files could not be done as some time frames had missing 

gap values where Kubios could not identify RR or the RMSSD values from the different 

emotions detected. Overall, with the results, there is a pattern that showed the happier the 

Figure 56 - Emotion Sheet 
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participant was feeling, the RMSSD value is higher than if the participant was feeling sad. This 

experimented with children which were feeling the same emotion in comparison to different 

activities conducted. The experiment had accurate results with the emotion sheet done by the 

parents and result from the device. 

Table 11 shows the overall result for each emotion. These values were calculated on the 

RMSSD Values each participant felt. The emotions which were detected were cross-checked 

with the input of the parent from the sheet. Table 12 and Table 13 shows the input from parents 

on emotion and time per activity. 

Table 11- Emotion with RMSSD Values 

 

 

 

 

 

 

 

 

 

 

Emotion RMSSD values 

Anger 0.2-0.3 

Enjoyment 0.3-0.4 

Sadness 0.2 

Surprise 0.72-0.77 

Fear - 

Disgust - 



120 
 

 Table 12 - Time taken per participant 

 

Table 13- Emotion sheet results from observation 

Participant Number Building Tallest 

tower or 

something similar 

Treasure hunt Colouring/ 

Activity book 

Jigsaw puzzle Matching card 

game 

Balancing tape game 

1 Enjoyment Enjoyment - Enjoyment - Enjoyment 

2 Anger Surprise Surprise Enjoyment Enjoyment Enjoyment 

3 Enjoyment Enjoyment Enjoyment Sadness Enjoyment Sadness 

4 Enjoyment Enjoyment Sadness Enjoyment -  Enjoyment 

5 Enjoyment Enjoyment Surprise Surprise Surprise Enjoyment 

6 Enjoyment Surprise Enjoyment Sadness Sadness Enjoyment 

7 Enjoyment Surprise Enjoyment Enjoyment Sadness Enjoyment 

8 Enjoyment Surprise Enjoyment Sadness Surprise Enjoyment 

9 Anger Enjoyment Surprise Enjoyment Enjoyment Surprise 

10 Anger Surprise Enjoyment Enjoyment Enjoyment Surprise 

Participant 

Number 

The overall 

duration of the 

experiment 

Building Tallest 

tower or something 

similar 

Treasure hunt Colouring/ 

Activity book 

Jigsaw 

puzzle 

Matching card 

game 

Balancing tape 

game 

1 2 hours 23 mins 33 minutes  20 minutes  40 minutes  15 minutes  19 minutes  15 minutes  

2 1 hour 39 mins  23 minutes  28 minutes  25 minutes  15 minutes  13 minutes  15 minutes  

3 59 mins 17 minutes  17 minutes  13 minutes  15 minutes  15 minutes  11 minutes  

4 38 mins 7 minutes  6 minutes  9 minutes  8 minutes  6 minutes  2 minutes  

5 2 hours 12 mins 27 minutes  14 minutes  18 minutes  13 minutes  16 minutes  20 minutes  

6 1 Hour 3 mins 21 minutes  8 minutes  4 minutes  12 minutes  9 minutes  9 minutes  

7 1 hour 43 mins 28 minutes  20 minutes  10 minutes  20 minutes  15 minutes  10 minutes  

8 2 hours 15 mins 20 minutes  20 minutes  25 minutes  30 minutes  35 minutes  25 minutes  

9 3 hours 3 mins 30 minutes  25 minutes  35 minutes  35 minutes  43 minutes  15 minutes  

10 3 hours   40 minutes  15 minutes  30 minutes  25 minutes  22 minutes 33 minutes 
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From the tables above 8 participants out of 10 were used to find emotion. Emotion could not 

be detected from the orange rows due to missing data but the yellow shows where emotion was 

extracted from. The data in orange was still used to detect any health issues for the participants 

that could not be used for emotion.  

Table 14- Overall Result 

  

As shown in Table 12, there was variation in the ability of children to conduct the different 

tasks and the levels of enjoyment they experienced.   

Table 13 where parents depending on the judgment of their child’s shown emotion (actions or 

facial emotion) has stated the emotion for correlation between the emotion result from the 

RMSSD values interpret the actual emotion. From each participant, the longest time per activity 

was taken and put through the software to calculate the RMSSD values to be able to get and 

compare emotions and values within all the participants per activity. The results are shown in 

Table 14. The overall result can be also seen within the Poincare plots below. The Poincare 

plots show the RR intervals which were read for the specific activity conducted shown in the 

table above. The only ones who are not shown are Participants 6 and 7.  

  

Participant 

Number 

Activity  Emotion Duration  RMSSD (ms) 

1 Treasure Hunt Enjoyment 1:57 0.3 

2 Building Tallest 

tower or something 

similar 

Anger 0:48 0.3 

3 Jigsaw puzzle  Sadness 1:51 0.2 

4 Colouring / activity 

book 

Sadness 0:59 0.2 

5 Colouring / activity 

book  

Surprise 0:58 0.72 

6 - -  - 

7 - -  - 

8 Matching card game  Enjoyment 2:33 0.4 

9 Building Tallest 

tower or something 

similar 

Anger 1:43 0.2 

10 Treasure Hunt  Surprise 4:47 0.77 
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Participant 1 Participant 2 

Figure 57 - Participants 1 and 2 Poincare plots 

Participant 3 Participant 4 

Figure 59 - Participants 3 and 4 Poincare plots 

Participant 5 Participant 8 

Figure 58 - Participants 5 and 8 Poincare plots 
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A Poincare plot in Kubios represents a correlation between successive RR intervals. Point care 

plots also help evaluate HRV. The shape of the plot is essential and a common approach to 

parameterize the shape is to fit in an ellipse. The eclipse shows the line of identity where the 

standard deviations of the points are perpendicular and describes the short-term variability in 

the measure of:  

𝑆𝐷12 =
1

2
𝑆𝐷𝑆𝐷2 

  

Participant 9 Participant 10 

Figure 60 - Participants 9 and 10 Poincare plots 
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4.5.6 Result of Activity data show on Fitbit 

 

 

 

 

 

 

 

 

 

 

 

The result of the activity showed how long and when the participants were walking. This was 

mainly used for the treasure hunt activity to see if Fitbit can track movement accurately. By 

collecting accurate data for activity can be applied in many scenarios such as the medical field 

– this can be used to calculate fitness level. 

4.5.7 Result of heart rate data for activity tracking shown on Fitbit 
 

 

 

 

 

 

 

 

 

 

 

The result of heart rate detection is shown on the Fitbit application. The heart rate was detected 

throughout the activities conducted. By allowing the collection of data for heart rate, this can 

tell how strong the heart is and can be used to allow detection of any heart problems.  

Figure 61 - Activity Tracking 

Figure 62 - Activity data - Heart Rate 
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4.5.8 Result of Location tracking show on Fitbit  
 

 

 

 

 

 

 

 

 

 

 

The result of location tracking for each participant is shown on the Fitbit application. The 

location was detected by GPS and only was detected in some of the activities.  Some locations 

were the same as there was a pair of siblings who took part in the experiment. Location tracking 

can be used on many other occasions such as locating a person, object and communication.  

 

  

Figure 63 - Location tracking and tracking of walking 
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4.6 Phase 4 – Participants Experience 

Phase 4 included a survey done in Qualtrics which will collect personal data, for example, the 

parent's name which then can be linked to the child. The questions have consisted of two parts 

(i) Parent experience survey and (ii) Children’s experience survey. The survey aimed to get the 

use of the device on the feedback of features and functionality. This is required to see if the 

aims have been met for this research. Parents survey consisted of 6 questions and the child’s 

one included 3 which are child friendly with images and drag and drop options. Questions 

asked can be found within the Appendices.  

4.6.1 Parents  

Figure 64 - Analysis of Parents Experience 
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This dashboard shown in Figure 64 has 5 charts which consist of: 

Chart 1 represents the number of participants who rated the most useful feature within the 

Fitbit used in the observation. The participants were given three choices as seen (6) Phase 4 – 

Parents and child experience Questions. The options were (A) Detection of heart rate (B) 

Monitoring health and well-being and (C) Tracking Location. The scale is from 0 which is not 

useful and 10 which is useful.  

(A) 8/10 participants have rated the detection of heart rate as a useful feature from Fitbit.  

(B) 7/10 rated the feature of monitoring health and well-being as useful  

(C) 8/10 rated the feature of tracking location as useful 

The overall result shows most parents found that Fitbit is mainly useful for heart rate detection 

and tracking location for their child. This shows that the device used for the research was the 

correct one and that the device is right to claim the use of the device. 

Chart 2 indicates the number of parents who rated how useful the information was given for 

the Fitbit. The response was categorised into three options – which were: (A) Heart rate of your 

child (B) Location of their child and (C) Monitoring Activities. The scale is from 0 which is 

not useful and 10 which is useful. 

(A) 7/10 rating for the usefulness for heart rate which Fitbit provided. 

(B) 5/10 rating for the usefulness of location of a child which Fitbit provided.  

(C) 6/10 rating for monitoring their child’s activities such as walking which Fitbit provided. 

The results showed that the parents found the most the heart rate the most useful information 

given. 

Chart 3 summarises the opinions on how accurate the information was shown for parents. The 

responses were categorised again into three options (A) Activity tracking (B) Heart rate 

readings and (C) Location given. The scale is from 0 which is not useful and 10 which is useful. 

(A) Activity tracking had 8/10 parents that agreed the information given to them was accurate. 

(B) Heart rate data which was presented was rated 8/10 for the accuracy of the information 

which was given. 
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(C) Location given data from the Fitbit was rated 5/10 by parents on the accuracy of the 

information given. 

The results of accuracy were mixed opinions mainly due to the timeframe for the observation 

or the use and functionality of the application.  

Chart 4 concludes the response for purchasing a Fitbit or something similar in the future for 

your child. 

Overall, 7/10 parents would like to purchase the same or similar device as from the previous 

responses for the above charts the parents will mainly use the device for monitoring child’s and 

health and well-being and tracking the location of the child.  

Chapter 5 is a word chart that represents responses from parents on how the child felt or 

noticed when wearing the Fitbit. The most used feeling was freedom and more active followed 

by happier and nothing.  

4.6.2 Children 
 

 

 

Figure 65 - Analysis of Children’s Experience 
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This dashboard shown in Figure 65 has 3 charts that summarised the response from children 

about the device used. Which include: 

Chart 1 represents how comfortable the Fitbit was when worn by children. 9/10 participants 

with or without a parent’s help have voted yes. This shows children do not mind wearing such 

devices as they may not realise it has been worn. 

Chart 2 illustrates the overall thoughts of the enjoyment of wearing the smart band device. 

8/10 of the participants enjoyed wearing it and 2 of them said no. This may be due to the 

wearing or fit of the device or the colour of the device. 

Chart 3 represents how the children felt about doing the activities. The main emotion that the 

children had to choose from was (A) happy and (B) sad. 4/10 of the activities were given an 

emotion, the other two activities were ignored or not given a response. 

(A) The most happiness was shown by children were in the colouring activity which had 9 

participants followed by building a tower with 7 then a jigsaw puzzle with 6 and lastly matching 

game with 5 participants. This result is also shown in phase 3 while children were conducting 

the activities.  

(B) The most sadness indicated within the activities by children were from matching game 

which was shown by 4 followed by Jigsaw puzzle and building tower with 3 participants each 

and then colouring activity with 1 participant. Some participants found the matching card game 

and jigsaw puzzle challenging as the puzzle levels got difficult as shown in phase 3. 

The overall feedback gained from both the parents and their children will help make the 

experiment used within this research better for the future. This experiment can be applied to 

many scenarios for example in the health sector. The doctors and nurses can use such 

technology which enables the three key elements (i)Track location of the child (ii) track and 

monitor health and wellbeing of the child and (iii) Emotion. Additionally, if this experiment 

was to be extended, the smart band technology would be used on children and adults who may 

have diagnosed conditions as shown in Table 15. This table shows who can use which feature 

for what type of issue or condition. 
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Table 15- Health problems where Technology can help (Latest Features) 

 Child Adult 

Stress management 

via EDA Scans 

Monitoring of emotional 

wellbeing 

Depression 

Monitoring of emotional 

wellbeing 

ECG (Heart Rhythm 

detection) 

- Can help detect heart issues 

Monitor previous problems from 

heart attacks and strokes 

Skin temperature To assess or check the child’s 

well-being such as having a 

Cold or Flu 

Monitoring well-being such as 

having a Cold or Flu 

Sp02 Monitoring To monitor mild respiratory 

diseases such as asthma or even 

COVID-19 

To monitor mild respiratory 

diseases such as asthma, lung 

cancer or even COVID-19 

Heart rate 

tracking/HRV 

To monitor or detect signs of 

stress, illness and fatigue 

 

To monitor or detect signs of 

stress, illness and fatigue 

Monitor heart rate when in 

rehabilitation 

Breathing rate To help understand wellness and 

learn of any changes in 

breathing 

To help understand wellness and 

learn of any changes in breathing 

GPS To be able to track the mobility 

of the child 

To be able to track a workout 

using location or suggest a 

workout 

Activity tracking To be able to track fitness and 

mobility while doing physical 

exercise 

To be able to track fitness and 

mobility while doing physical 

exercise 

Weight tracking with 

food logs 

Obesity Obesity 
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4.7 COVID 19  

In this subsection, the impact of the coronavirus (COVID-19) in terms of the use of technology 

has been reviewed. The factors that were mentioned which could impact the well-being such 

as (i) the change in health and well-being of children during the pandemic and (ii) the use of 

technology with the pandemic.  

Coronavirus disease (COVID-19) is an infectious disease caused by a newly discovered 

coronavirus (WHO, 2020). People infected have the following symptoms: (i) High temperature 

(ii) Continuous cough and (iii) a loss of sense in taste and smell. Due to coronavirus, children 

and adults were told to stay or work from home if they could. This has affected both adults and 

children and tested the capabilities of both. Children were home-schooled by parents using the 

internet and guidance from teachers. The sections below compare the data collected about the 

technology used in the pandemic and the effects on children’s health and well-being. 

4.7.1 Changes in the health and well-being of children  

The COVID-19 pandemic is affecting the daily life of parents and children (Imran, et al., 2020). 

The government and the NHS have taken steps to manage the pandemic and reduce the 

transmission of the virus and help those who seek medical attention. Depending on the age of 

the person, a child may react differently and the understanding of information and 

communication from their previous experiences such as education and staying at home with 

family more often (Gov.uk, 2020). 

Most children in the world are living with restrictions on movement due to the pandemic. 

Lockdowns are now worldwide in different countries either under full or partial lockdowns 

meaning people are not allowed to enter or leave homes or an area freely. According to Hijazi 

(2020), 1.5 billion children will be out of school and learning from home using a suitable 

platform for communication with teachers. Children were worried about being isolated from 

family (grandparents) and friends. Additionally, worrying about catching or dying from the 

virus. Having a device that allows monitoring a child’s vital or an indication of emotion for a 

child is even more important in situations like the pandemic. 

4.7.2 The Use of Technology  

People including both adults and children around the world have been spending huge amounts 

of time on the internet during the pandemic (Cuthbertson, 2020). The lockdown has increased 

connections within family households virtually as restrictions are in place around the world. 

Many grandparents have adapted to screen-based communication for example using Skype to 
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keep in touch with family more often. Additionally, some grandparents are providing virtual 

childcare such as reading stories over the internet or playing games whilst the parent is working 

from home (Gummer, 2020). 

In the previous chapter, the WHO recommended hours for different age ranges within children. 

The maximum number of hours within the age range is 2 hours. As seen from the analysis in 

2.5.2 Internet addiction and 4.3 Phase 1 – Part B the number of hours spent has increased 

drastically during the lockdown as this is shown in published surveys in the US (Algar, 2020) 

and also a survey conducted for this study. Both sources show that more children aged between 

5-15 are spending more than 4 hours a day in front of a screen during the lockdown. As the 

lockdown is worldwide, many countries have acknowledged that the internet is a crucial 

technology that can help both adults and children to work and learn from home. Some of the 

benefits from digital technology can help children develop creativity, imagination and a range 

of social and emotional skills (Algar, 2020). 
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4.8 Chapter Summary  

In this chapter, the use of smart wrist technology has been evaluated as a solution for children’s 

independent mobility and monitoring the well-being of a child. The main contributions of the 

work are to present (i) To find a suitable smart band for location tracking of the child, health, 

and wellbeing of the child (ii) To include an analysis of findings and research for the smart 

band (iii) Propose a method for detecting emotion using a multi-modal method and (iv) To 

propose a solution or guidelines for parents/guardians and their child and professionals such as 

a dietitian of independent mobility and physical activities. The proposed solution includes a 

proposed device that includes a combination of collecting location, health vitals, activity 

tracking. Additionally, a method that can be used to measure emotion using heart rate data. The 

experimental results demonstrate that there was an improvement for the child as well as 

benefits of freedom for the child was obtained when using the proposed device. 

Furthermore, this chapter includes the results and findings from the surveys done in phases 1, 

2, 3 and 4. The contributions from the surveys will impact the objectives of this research which 

are: (i) Investigating the impact of using wearable technology with children (ii) Identifying 

factors of accurate assessment of health and wellbeing of a child and (iii) Classifying a method 

for precise location tracking which leads safety of the child. 

In addition to the methods used this chapter included a COVID-19 subsection which concluded 

the data collected by the Phase 1 survey along with the Focus group survey. This highlighted 

the result of technology use and change within the pandemic and how it has also changed the 

health and wellbeing aspect.  

Similar devices used within the study have been used in a number of published works in 

different scenarios. By exploring all these methods in this chapter allows us to proceed with 

interrupting a proposed framework as shown in Chapter 5. 
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5. Conceptual Frameworks 

The previous chapters in this thesis have provided the aspects of the research study, exploring 

how a smart band can assist in monitoring Children’s Independent Mobility & Well-being. 

Several research methods have been conducted as part of the initial stages of this research. The 

main contributions for this research study are a summary of these findings which are in the 

form of frameworks as shown below. As this study consisted of a mixture of quantitative and 

qualitative research, three models will reflect this. The three models are: (i) Research process 

for this study (ii) Key aspect of the study from the literature review and (iii) Proposed model 

for this research study. 

5.1 Research Process for this study  

This framework (Figure 66) can be used by parents and health professionals who wish to 

conclude the research finding for smart wrist wearables to support a child’s Independent 

mobility and also be able to track and monitor health and well-being.  

The data collection consisted of five stages which were split into three key stages of data 

collection: (i) Research Concept (ii) Literature review factors and (iii) Valid Triangulation, 

these are discussed below in the following phases.  

Phase 1 A research concept is required to help form an idea of what results could be found 

from the research method. The concept which was followed was a question - “Can technology 

help parents track their child's location and benefit health and wellbeing?”. The key focus 

for this research will be the use of technology and the impact of technology to be able to get 

this data, this research comprises two surveys as seen in this diagram, which is in a form of 

surveys. 

Phase 2 Triangulation provided valid factors to validate the methods used in this study. To be 

able to collect data, this research needed to collect some personal information on the child and 

also collect consent for further phases in the study if they wanted to take part. 

Phase 3 Again this phase is to have a triangulation. The data that needed to be collected was 

parental fears, opinions on their child's mobility and health and well-being. Additionally, this 

phase collects information on the parent and their child's habits with technology. This can be 

collected within a focus group to help compare answers. Both this phase 3 and Phase 4 can be 

done simultaneously. 
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Phase 4 Literature review factors provide insight if key information and factors for this study, 

the key information which was highlighted within the literature review were (i) Location of a 

child (ii) Emotion of the child and (iii) Heart rate of a child this can all be collected and analysed 

from the data collected from the smart band. 

Phase 5 The last triangulation, the data for this stage helps find whether the solution to this 

problem is viable for an answer to the research question and whether the concept of this 

research has been fulfilled which was stated in the early section of this research. To be able to 

answer the question two factors needed to be collected in form of a survey.
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Figure 66 - Research Process 
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5.2 Technology KPIs to improve Children’s safety and well-being 

This framework as shown in Figure 67 highlights the key performance indicators (KPIs) found 

within the literature review for children’s Independent mobility using smart technology. The 

Venn diagram shows the factors which are associated with the safety of the child and health 

and well- within smart band technology. Technology KPIs to improve Children’s safety and 

well-being, which can be used by parents and health professionals when considering wrist 

wearable technology.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The KPIs which will need to be considered when choosing a suitable device for this problem 

the KPIs consists of the following. 

(i) Pulse has been highlighted as a key factor within the literature review for the health and 

well-being of a child. It is essential for keeping track of a child vitals which can detect any 

problems with the child's heart and the body. This can be also helped with technology in 

monitoring and assessing the pulse of the child. 

Figure 67 - Technology KPI's to improve Children’s safety and well-being. 
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(ii) Heart rate has indicated its importance for this research for the health and well-being of a 

child. Heart rate monitoring can be done by technology especially a device which has a heart 

rate sensor built within which can be vital when monitoring the vitals of a child.  

(iii) BMI is another key factor that is key to the research. BMI can be tracked with technology 

and can work out by entering some details within applications and software. 

(iv) Body Temperature/Sweat has been highlighted within the literature review. Body 

temperature can be monitored and tracked through technology with galvanic skin response.  

(v) Emotion is shown as an essential factor within the literature review and found essential 

factor from parents. Emotion can be seen on a person's face but also several methods enable 

technology to interpret emotion within a person. The factor is essential but can also be a 

desirable feature. 

(vi) Activity tracking can be tracked using technology. Many technologies can be able to detect 

movement and recognise activities done by a person such as walking and running. The text 

within the bubble shows the importance of this factor is low, more like desirable information 

which can be collected. 

(vii) Social and environmental issues are in the main key indicator bubble which shows the 

high importance within the literature review. Technology can help with these factors which are 

interconnected to the bubble. The bubbles that are connected is (i) Road safety (ii) 

Neighbourhood community and (iii) Time of the day. Furthermore, technology can help by 

showing the location of the child, allow to send safety alerts to the parent. 

(viii) Monitoring location can also be tracked using technology, GPS is currently a popular 

method of locating location. Accuracy for the precise location can be pinpointed using GPS 

information. Technology can help to track location indoor or outdoor depending on the method 

considered. 
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5.3 Children's Independent Mobility & Health Assisted Smart Technologies 

(CIMHAST) 
 

  

Figure 68 - Children's Independent Mobility & Health Assisted Smart Technologies (CIMHAST) 
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Figure 68 is a framework that is a proposed solution for Children’s Independent Mobility with 

the use of smart wrist technologies. The framework is named Children's Independent Mobility 

& Health Assisted Smart Technologies (CIMHAST). This framework is based on the findings 

within this research study, which investigates the impact of using wearable technology to allow 

children independent mobility also monitoring for health and well-being children.  

CIMHAST consists of four key stages which have been investigated throughout the literature 

review, observation and data collection stages of this study. The main contribution from this 

study is to propose a solution for parents/guardians and their children of independent mobility 

and physical activities, also this solution can help health professionals such as a dietician to 

help improve future diseases and health problems with children. This framework is in a shape 

of a funnel which has four phases (i) Data collected for the thesis with three intervals (ii) Key 

Performance indicators found within the literature review (iii) Suggestions made from the 

above stages and (iv) Proposed solution. 

 

This research consisted of four stages for data methods (4. Methodology) which are:   

(i)  Stage 1 – Survey: Perceptions of from participant’s habits of technology including children 

(ii) Stage 2 – Focus group (Survey): Perceptions from parents regarding their child and 

independent mobility  

(iii) Stage 3– Consent form: An agreement from parents which allow their child to participate 

in the data collection and Observation: Data collection from Fitbit 

(iv) Stage 4 – Survey: Parent and child experience of Fitbit used 

  

Figure 69 - Proposed Framework - Phase 1- Data collection for all 

methodologies 
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Phase 1 – Data collection for all methodologies: This phase of the funnel, includes four 

different types of data collection which were used and comprise of : (A) Surveys (B) Input 

from the device (C) Child's information and (D) Observation. The bubbles are some of the key 

information which was highlighted when collecting information for this study. 

(A) Surveys: 

Surveys were used to get an idea of the use of technology from adults and children. To choose 

the right device and gain knowledge from stakeholders for their needs, the needs that are 

essential to consider are: (i) Use of technology by adults (ii) Use of technology by children (iii) 

Knowledge of health monitoring devices (iv) Knowledge of location devices and (v) 

Biometrics which state vitals. 

(i) Use of technology can provide the necessary measures on how the users intend to use 

technology has advanced in terms of demographics. This will be able to establish how 

technology will be used in the future and how will it advance. 

(ii) Use of technology by children, this data would provide the necessary measures for children 

on how the use of technology has advanced in terms of demographics. This will be able to 

establish how technology will be used in the future and how will it advance. 

(iii) Knowledge of health monitoring devices is key for end-users such as parents and children. 

This bubble will include the users' abilities to be put to test when using such devices, the device 

will allow providing key information such as heart rate, temperature, etc. Also, the use of 

technology to assist with recording and measuring vitals must be considered. 

(iv) Knowledge of location devices is key for the end-users as this will help verify pin-point 

location. This is widely used in many devices and also a popular method of allowing to find 

someone or an object globally, this stage allows parents/guardians to track the location of their 

child. 

(v) Biometrics which state vitals: this is very popular with the use in the health sector which 

includes the use of technology, this is a method that will be considered. 

(B) Input from the device: 

Input from the device will provide the data which will need to be considered to collect sufficient 

and relevant data that needs to io collected. The contributions which need to consider are as 

follows: 
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(i) Activity Tracking will allow a person to be able to track activity done throughout the day 

such as walking, running or sleeping. 

(ii) Pulse will assist in providing saturation levels of oxygen in a person this can show health 

conditions. 

(iii) Heart rate is a popular method in the health sector. The measurement of the heart includes 

the use of technology which can allow health professionals and parents to see future trends and 

any problems which may occur. 

(iv) GPS is popular for everyday use as it can help track location and also help navigate around 

the world. This stage will use technology that allows parents and local authorities can provide 

information on location with coordinates given. This method is old fashioned but still widely 

used. 

Desirable features –  

(v) Temperature is responsible for providing a measure of how cold or hot the user is. By 

determining these they could potentially tell if the user is getting ill or has developed an 

infection. This feature is also desirable for health professionals. 

(vi) Sweat will verify whether a person is nervous by their sweat levels with the heart rate. This 

feature is also desirable for health professionals. This feature includes the use of technology.  

(C) Children's Information: 

By allowing the collection of the child's information can determine personalised data. The data 

which need to be considered are as follows. 

(i) BMI will assist in proving whether the child is healthy or not. By determining this we can 

see whether how technology is used, and the independence of the child has caused this.  

(ii) Age helped to give a better result for BMI and allocate age-related activities for this study. 

(iii) DOB help provides a better result for BMI.  

(iv) Gender help provide a better result for BMI 
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(D) Observation: 

Observation will provide the data that provides sufficient and relevant data that needs to be 

collected to be able to provide a solution. The contributions are as follows. 

(i) Consideration of smart wearables: This bubble will allow the use of smart wearables to 

weigh out the good aspects and bad aspects of the device. The consideration will help confirm 

whether the use of smart wearables is possible for children. Monitoring and tracking location, 

child’s vitals and their activity. Lastly, the complex element is finding the necessary technology 

to support emotion tracking. 

(ii) Accuracy of information collected on emotion: Emotion will allow parents to see how their 

child is feeling and whether they could help improve their emotions. As emotion allows a child 

to tell how someone is feeling this is a key factor that will need to be considered.   

(iii) Accuracy collected on the location: This factor applies to technology and how accurate 

location can be measured and will help parents to check where their child is. There are many 

methods for tracking and measuring location which can also be considered. 

(iv) Features of wearables are responsible for providing the necessary tools for the observation 

in terms of technology-wise. GPS, Bluetooth, heart rate sensor, pedometer and more should be 

taken into consideration when creating a study relevant to this section. 

Phase 2 – Key Performance Indicators (KPIs) from the literature review  

This phase of the funnel (Figure 70) show indicators of the main factors which affect Children’s 

Independent. 

 

 

 

 

 

 

 

  

Figure 70 - Proposed Framework - Phase 2 - KPI's from the Literature review 
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The two main factors are the health and well-being of the child and safety within the Venn 

diagram. The factors that affect both health and well-being and safety is shown in the middle. 

The literature review allows to collectively identify the key factors for children's independent 

mobility from other papers and sources. These indicators will have to be considered when 

providing a solution with IoT and how IoT can help with these factors.  

The KPI’s which need to be considered for this study are (i) Pollution (ii) Physical activity 

(iii) Obesity (iv) Emotional issues (v) Vitals of a child (vi) Neighbourhood fears (vii) Parental 

fears (viii) Stranger danger (ix) Sense of child's knowledge (x) Age and gender and (xi) 

Social & Environmental issues. These factors will have to be considered when providing a 

solution with IoT and how IoT can help with these factors. Each of the indicators can be 

filtered from the previous stage and be filtered even more to provide a solution using IoT 

features and functions as shown below in the next stage. 

Phase 3 – Suggestions  

The next phase of the funnel includes a matrix table which has been filtered to provide a 

solution using IoT. As seen in the above phase the KPIs are corresponding with a number 

which is used within the matrix table following the device features and functions.  

 

 

  

Figure 71 - Proposed Framework - Phase 3 - Suggestions 



145 
 

 

Pulse detection uses technology to help one of the ways is pollution, smart wrist technology 

can help monitor pulse. As pollution affects breathing, the monitoring of breathing can show 

if it is better or it is getting worse and this indication can help get a better solution in the future. 

Pulse detection helps physical detection which can detect difficulties with the pulse such as 

obstacles within the blood flow within the body, as the muscles move within the body, the 

blood flow moves. For obesity, dietitians can use pulse readings to help reduce obesity and 

improve movement in order to reduce high pulse levels. Pulse is also an indication of a vital 

which can be measured to detect problems or conditions within a person. Pulse additionally 

helps with parental fears for their child’s health and well-being and also age and gender is a 

factor as pulse readings change within both gender and age.  

Heart rate can be measured by sensors within a device which is efficient more than manual 

readings. Heart rate readings can be measured while conducting physical activity this can help 

people improve the level of fitness they can endure. With obesity, the heart rate is normally 

higher as the heart works more, allowing this measurement can help improve fitness and reduce 

any future problems. The vitals of a child can be measured by heart rate which can help prevent 

future conditions. The measures of the heart rate depending on gender and age. 

GPS is a technology that can help track and locate physical activities, help assist parents in 

tracking the location of children for social and environmental issues and additionally 

neighbourhood fears. Physically moving devices can help track location and calculate the 

distance a person has travelled. Social and environmental issues and neighbourhood fears 

which can help reduce fears by tracking the location of the person to ensure safety. 

Activity tracking can help to track movements by someone showing the activity conducted 

such as walking or running. Activity tracking can assist with helping obesity and encouraging 

people to do improve health and fitness. As activity tracking helps assist in tracking activities 

done, parental fears can also be solved as parents can see what and where their child is.  

Parental fears can be solved with an activity tracking device. Some parental fears also social 

and environmental issues explained in the above chapters show the fears are to do with location 

and fitness within in their child. 
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The last phase shown in Figure 72 of the funnel shows the results when all the data has been 

filtered through the funnel stages leads to a proposed solution. The proposed solution is 

combined from the literature review findings and also the possible data collection for this study. 

The suggestions from the different sections will allow the key factors from what the device 

will need to be able to provide a viable solution for this problem. The proposed solution will 

have essential factors for the device that will be used. 

This framework has the capabilities to add new elements depending on the device used in terms 

of the device's features and functions. The device will have to be technologically feasible. 

These can be added within the bubbles within Phase 1. This is relevant as users may use a 

different device that can track location and monitor a child’s vitals. They may want to use an 

advanced type of wrist-worn technology that may have other devices with biometric sensors.  

The scope of this framework is not providing a solution for all technological devices but 

within smart wrist technology designed for children. This work provides guidelines for 

parents and health professionals who may want to deploy similar stages and phases discussed 

in this chapter and other chapters within this study. A future improvement for this framework 

would be to consider other users of smart devices which can fulfil the requirements of the 

study. The main contributions which were fulfilled within this chapter were: (iv) To propose 

a solution or guidelines for parents/guardians and their child and professionals such as 

dietitians of independent mobility and physical activities.  

  

Figure 72 - Proposed Framework - Phase 4 - Proposed solution 
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6. Conclusion 

This chapter will conclude the work by discussing the suitability and the selected methods for 

tracking the location of a child, health, and well-being additionally activity tracking presented 

within the chapters of this thesis. The overall results obtained by the various methods and 

highlight the main contributions of this thesis. Finally, new directions for continuing research 

work are proposed. 

The focus of this research was to investigate how technology has improved and changed the 

perspectives of parents and guardians of the young dependants in terms of locating and tracking 

the location and health and well-being of a child. The impact of CIM has led to many problems 

as explained in the early chapters of this thesis. Many methods for tracking and providing health 

and well-being status have been proposed, but problems with the accuracy and child’s well-

being persisted and therefore there is scope for this research leading to further enhancements. 

The main issue associated with existing methods was there was no device for children which 

included the functionality of IoT and features such as tracking location, activity tracking 

emotion detection and health and well-being monitoring. As seen in Table 10, none of the latest 

devices has the above three vital features within one device to determine the well-being and 

safety of a child. An effective and accurate method was needed for tracking the above listed 

within one device where is device is child friendly. In this thesis, a method smart wearable 

device has been proposed which refers to IoT. 

The main issues of the research were recognized as the following: 

(1) The choice of smart technology – Smart wearables were selected for having the main 

features such as the ability to track location, monitor health vitals, as well as desirable features 

such as standalone device and the connection via Bluetooth. Furthermore, the types of watches 

were explored with the ranges of features and functions of the smart devices. 

(2) The choice of wearable devices for children – Fitbit charge HR was selected as a device 

that was child friendly and had all features which needed to be considered for location tracking 

and health and well-being monitoring. Many devices for children were explored and evaluated.  

(3) The choice of health and well-being properties – The properties that were significant to this 

research was heart rate and activity tracking. Some of the desirable properties depended on the 

device that was chosen so the temperature measure was desirable. As seen many properties and 

features of wearables were explored.  
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(4) The choice of method for location tracking – The method depends on the device there are 

different location tracking devices such as using GPS or using Bluetooth to determine location. 

This also has been explored in this research. 

(5) The choice of biometrics and method for stating well-being and emotion – Using heart rate 

variability was the method used to determine the method using the heart rate data collected and 

the method of tracking activity of a child. Multiple methods were considered such as using skin 

galvanic response with emotions video tag detection were considered. 

To address the health and well-being monitoring issue, the device chosen can provide accurate 

data on health vitals such as heart rate which has been proposed as a key vital in the framework. 

Additionally, the same with location tracking and activity tracking. 

The proposed method applies three main features within a smart wearable: 

(A) Location tracking using GPS 

(B) Heart rate measurement using sensors within the device  

(C) Activity tracking function  

And for emotion extraction, the proposed method was using Heart Variability data using heart 

rate data collected by the device. 

(D) Time-domain method using HRV and RMSSD 

Root Mean Square of Successive Differences between each heartbeat. It is relatively simple to 

calculate) and helps to provide a reliable measure of HRV and parasympathetic activity. 

(𝑹𝑹 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍 𝟏 –  𝑹𝑹 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍 𝟐) ² +  (𝑹𝑹 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍 𝟐 −  𝑹𝑹 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍 𝟑) ²  

√𝑹𝒆𝒔𝒖𝒍𝒕 𝒇𝒓𝒐𝒎 𝒕𝒉𝒆 𝑹𝑹 𝒑𝒆𝒂𝒌 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍𝒔 =  𝑹𝑴𝑺𝑺𝑫 

The main contributions of this research were the following: 

• Provided an up-to-date review of smart technology.  

• Researched and evaluated the most suitable smart band device for location tracking of 

the child, health, and wellbeing of the child. 

• To provide another biometric that can be used to determine the state of emotion of a 

child. 

• Analysis of the use of technology within adults and children. 
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• The effects of a pandemic on the health and well-being of children and the impact on 

technology. 

• Provided a proposed solution/guidelines for parents/guardians and their child and 

professionals such as dietitians of independent mobility and physical activities.  

6.1 Major findings & Reflection  

This work was carried out in six chapters and the main research chapters are between two and 

five where all chapters have successfully fulfilled the thesis objectives. 

 

Chapter two outlined published literature on Children’s Independent Mobility and the factors 

which affected health and wellbeing and the impact of technology on children. There were 

more than a couple of different issues with CIM and the health and wellbeing of a child, as 

seen from the chapter all aspects of influences were discussed- including sub-sections which 

related to this research. Also, in this chapter, there were two other major influences (emotions 

and impact of technology) regarding the subject and health and well-being which link together 

and was further elaborated to find the right device to propose a solution using smart technology. 

The importance of the gap within the published literature. This has fulfilled the objective of: 

(i) Investigating the impact of using wearable technology with children. 

Chapter three had provided insight into how technology impacts CIM and health 

professionals. An insight of IoT was discussed considering the main criteria’s which would 

fulfil and propose a solution for CIM and health and well-being monitoring. Within the field 

of IoT and wearable technology was investigated and assessed for different considerations for 

a child’s health and well-being and independent mobility. As technology becomes more 

advanced so do the products made by different companies enabling technology to become 

usable for almost day to day activities shown in the existing theory section of this chapter. This 

has fulfilled the objective of (ii) Investigating the impact of using wearable technology on a 

child’s independence. 

Chapter four covered the research and observation which was implemented. Literature review 

helped gain an insight into the many problems health professionals and parents faced with a 

child regarding health and well-being and independent mobility. This research was categorised 

into three main sections and subsections to find the influences and any underlying issues based 

on published papers, articles, news, books, and online sources, such as social media content. 

The research for the literature review was based on papers and different case studies on how 
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the problem has become a major issue. Many of the case studies reviewed provided many 

solutions relating to technology and a similar device used within this research. 

Phase one was completed in two parts – Part A included a survey that helped collect the 

responses which analysed views, concerns, the experience of the use of technology and screen 

time. Part B focused on users who have previously owned or currently own a smart wearable 

device within the family and their view, concerns, practices, and their experience of their own 

and concerning children within the house.  

As shown in previous chapters the use of computers and smartphones have emerged as a 

popular device to use within different age groups with the majority of the people now using 

them due to the pandemic. Within the youngest age group which participated (16–25-year-

olds) use smartphones mostly in their daily lives. A different pattern was found in the age group 

of 26-35 where the most common device used is a computer again this may be due to the 

pandemic as many are working from home or prefer using a PC for different activities they 

may conduct on that device. And the last age group had both mobiles and PC as a most common 

used device this may be due to a trend within using technology or just keeping in touch with 

other people around the world due to the pandemic and restrictions around the world.  

Smart devices which were used by the participants were mainly used for activity tracking which 

is not surprisingly different to the current trend within young adults being able to keep fit. The 

question of usage of the devices was also analysed and a summary of how much time devices 

were used can be found in Phase 1. Overall results show participants used between 2-4 hours 

a day on different devices. This leads to the change in time spent on the devices during a 

pandemic overall the results were surprising as time only increased by a couple of minutes to 

an hour. 

Part B allowed analysing the use of technology with children. This section found that many 

children had not experienced having a smart wearable as many families may not have money 

for the device or simply refuse to buy it due to their own experience of owning one. As many 

recent generations are being brought into the world of technology at their fingertips it’s no 

surprise that children as young as one are using these devices. It may be to contact a family 

member or as a distraction for the child. Also, by combining the hours spent to the 

recommendations for adults and both children the hours participants have indicated outweigh 

the recommendations by professionals. 
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Phase two like phase one consisted of two parts- One allowing to obtain permission for 

allowing to collect data on their child and the second part was to seek permission to collect 

information on perceptions of a child and their parent for independent mobility and health and 

well-being of their child including habits with technology. Due to the pandemic, this phase had 

to be a survey. A focus group was originally planned where parents would share thoughts with 

each other regarding issues with their child in terms of health and well-being and independent 

mobility. A similar result occurred with children using devices like adults increase the use of 

hours on the devices and again smart phones being a preference within children. Overall, the 

hours spent on devices have and was already drastically over the guidance of professionals 

which seems to be a concern but maybe due to the pandemic and home-schooling hours have 

increased.   

Phase three focused on collecting data and being able to put the research found on smart devices 

and put the research into a practical form in being able to understand how IoT can help track 

location, health and wellbeing and vitals of a child. This phase also consisted of gaining consent 

for collecting data on them and their child for this research. Additionally, within this phase, the 

children with parental consent took part in six activities. These activities were thoroughly 

researched and were assessed as fun for children of different ages and abilities while wearing 

a smart wearable which allowed to get biometric data such as heart rate and activity tracking 

information.  

Due to the pandemic, there was no face-to-face meeting, rather than collecting the data myself 

– instructions were given to parents on how to proceed with the data collecting. All equipment 

was delivered to the participants' house including cleaning materials for the equipment. 

Deliveries were not part of the original plan which was the timeliest bit of the research.   

As the device chosen or any other device do not have an automatic input of emotion, a method 

of using the heart rate data collected was proposed. This method was used in other case studies 

as shown in the previous chapters as this method had 81-90% of extracting emotion using the 

method. The method only worked on 8 of the 10 participants as some participants were not 

fully able to finish or allow the device to fully be always work giving the data gaps. To be able 

to get accurate measures of emotion parents were to observe emotions felt by their child during 

the observation which was marked on a sheet given. 

Using the heart rate data using the HRV the emotions were then calculated by a software called 

Kubios which showed when and for long there was emotion showing and within a particular 
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activity being conducted. The data also collected on location and activity tracking was also 

successful which showed parents where and what the child was doing in terms of location and 

which physical activity such as walking and running.  

Phase four showed an input of the experience from the participant and their child. The 

experience of the device used and the wearability of the device during activities. The main 

features used for this research were rated. Heart rate was given 8 out of 10 by participants 

indicating its reliability in collecting and displaying the accurate readings collected. The same 

score was given to tracking feature location and 7 us of 10 for monitoring other health and 

well-being vitals. Overall parents and the child were happy with the data provided by the 

device, the comfort of the device and its appearance.  

Additionally, the subsection on COVID-19 concluded how this research was affected and how 

children, parents and technology use has affected them this included beneficial ways such as 

online teaching and staying in touch with friends/peers. As this research was conducted during 

the pandemic this allowed collecting data on the use of technology before and after the 

pandemic. 

This section has fulfilled the objective of (ii) Investigating the impact of using wearable 

technology for a child’s independence and (iii) Identifying factors of accurate assessment of 

health and wellbeing of a child additionally, (v) Experimenting with biometrics which helps 

state wellbeing and emotions of a child. 

Chapter five consisted of three proposed frameworks for this research first one was: Research 

process is how the research was combined within the literature review and how the observation 

stage helped provide different information and helped provide a solution. 

The second framework Technology KPIs to improve Children’s safety and well-being had 

concluded the key performance indicators found within the literature review for the safety of a 

child and health and well-being within smart technology. The KPIs can then be used by users 

such as health professionals and parents when considering smart wrist technology for their 

children. 

The Children's Independent Mobility & Health Assisted Smart Technologies 

(CIMHAST) framework is to be used as an alternative way of monitoring the health and well-

being of a child while allowing the freedom to move around without any fears and worrying 

parents into the health sector. The framework also demonstrates how technology be beneficial 



153 
 

in helping Children’s Independent Mobility (CIM) and health which is the research question 

for this research.  

This section has fulfilled in answering the research question by fulfilling the contributions 

which were: (i) To provide an up to date review on smart technology, (ii) A suitable smart band 

for location tracking of the child, health, and well-being of the child, (iii) Correlation between 

independent mobility during the pandemic and before the pandemic, and (iv) An analysis of 

findings and research for the smart band and a solution/guidelines for parents/guardians and 

their child and professionals such as dietitian of independent mobility and physical activities.  

Considering the use of smart technologies, a couple of factors must be considered: 

i. How easy is it to use? If the connectivity of the technology and the data analysis on the 

app is not user friendly it may affect the negativity of the feedback from parents and 

practitioners might blame the device and the software. 

ii. How good is the hardware/software? It may be easy to use, but if it may have other 

weaknesses that affect the user experience, such as: needing access to the internet, having 

a low battery duration, being uncomfortable during long term use. The better the quality 

of the device/application the more precise feedback will be regarding the observation. 

iii. The use of children’s data and GDPR: How long does Fitbit aim to keep children’s data 

safe? Will the device be secure in terms of hackers in the future? The more secure the 

device is more parents and professionals may use the devices in the future for a variety 

of different age ranges including children. 

To conclude, it would be ideal to run the observation for a longer period, which was not 

possible during the pandemic and to have more participants. This would allow collecting a 

better range of data and a better analysis also variations in health benefits.  
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6.2 Future works  

This research included one experiment which was layered into four phases with three overall 

frameworks. The list below indicates some suggestions on how other researchers and 

professionals can take this work further:  

• Working with more participants ranging from different age groups  

• Allowing a comparison within a timeframe on how Fitbit motivates children to become 

fit 

• Extracting micro expressions with advanced use of heart rate sensors  

• The idea of using and correlation using more than one device  

• The idea of looking into the pandemic and how health and fitness has changed within 

children 

• How professionals could use IoT for children in the future in terms of health and well-

being  

• Expand the phases and data collected for the framework: 

o The different medical practice uses around the world 

o Different smart wrist technology with similar or more advanced features and 

functions  

o Other children from different demographics/health issues  
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Appendices   

(1) GDPR for Connected toys and devices 

GDPR Guidelines from http://ico.org.uk/for-organisations/guide-to-data-protection/key-data-

protection-themes/children/  Last Accessed: 24/06/2020 

How can we make sure that we meet this standard? 

Be clear about who is processing the personal data and what their responsibilities are 

If you provide a connected toy or device, then you need to be clear about who will process the 

personal data that it transmits via the network connection and what their data protection 

responsibilities are. 

If you provide both the physical product and the online functionality that supports it, then you 

are solely responsible for ensuring compliant processing. If you outsource or ‘buy-in’ the 

online functionality or ‘connected’ element of the device, then whoever provides this aspect of 

the overall product will also have responsibilities. The extent of these will vary depending on 

whether they are a ‘processor’ acting only on your behalf, or a ‘controller’. 

However, you cannot absolve yourself of your data protection obligations by outsourcing the 

‘connected’ element of your toy or device to someone else. If you provide a connected toy or 

device, then you need to comply with the GDPR and follow this code and make sure that any 

third parties you use to deliver your overall product do so too. 

This is particularly important when you are making sure that the product incorporates adequate 

security measures to mitigate risks such as unauthorised access to data, or ‘hacking’ of the 

device to communicate with the child (e.g., taking over microphone capabilities) or track their 

location. 

Anticipate and provide for use by multiple users of different ages 

If you provide a connected device, then you need to pay attention to the potential for it to be 

used by multiple users of different ages. This is particularly the case for devices such as home 

hub interactive speaker devices which are likely to be used by multiple household members, 

including children, and may also be used by visitors to the home. Similarly, interactive toys are 

often shared or may be used by several children at once when they play together. 

  

http://ico.org.uk/for-organisations/guide-to-data-protection/key-data-protection-themes/children/
http://ico.org.uk/for-organisations/guide-to-data-protection/key-data-protection-themes/children/
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You can do this by a combination of: 

making sure that the service that you provide by default (the service that would be provided, 

for example, to occasional visitors to a household) is suitable for use by all children; and 

providing user profile options for people who use the device regularly (e.g., household 

members and frequent visitors to a household) to support use by adults, or to tailor the service 

to the age of a particular child. 

Provide clear information about your use of personal data at the point of purchase and 

on set-up 

You should provide clear information indicating that the production processes personal data at 

the point of sale and before device set-up. Both the packaging of the physical product and your 

product leaflet or instruction booklet (paper or digital) could carry a clear indication (such as 

an icon) that the product is ‘connected’ and processes users’ data. 

You should allow potential purchasers to view your private information, terms and conditions 

of use and other relevant information online without having to purchase and set up the device 

first so that they can make an informed decision about whether to buy the device in the first 

place. 

You should also have a particular focus on the tools you provide to facilitate the set-up of the 

connected toy or device. This is a key opportunity for you to provide information about how 

your service works, how personal data is used and to explain the implications of this, especially 

if the setup is activated using a screen-based interface. If the child’s ongoing use of the device 

is not screen-based this is particularly important as this may limit how you can convey 

information to the child on an ongoing basis. 

Find ways to communicate ‘just in time’ information 

You should consider how your connected device operates and how best to communicate ‘just 

in time information to the child or their parent. 

For example, using auto-play audio messages, only allowing default settings to be changed via 

the use of a support app, or facilitating interactive auto-bot ‘conversations’ with the user. 
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Avoid passive collection of personal data 

You should provide features that make it clear to the child or their parent when you are 

collecting personal data. For example, a light that switches on when the device is an audio 

recording, filming or collecting personal data in another way. 

If the device uses a standby or ‘listening’ mode (e.g., it listens out for the name you or the child 

has given to the device, or for another keyword or phrase to be used, and activates data 

collection when that word or phrase is used) again you should provide a clear indication that 

listening mode is active. You should not collect personal data in listening mode. 

You should provide features that allow collection or listening modes to be easily switched off 

on the device itself (a ‘connection off’ button), or via online functionality options so that the 

toy or device can be used as a non-connected device so far as this is practicable. 
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(2) Fitbit Privacy Policy for Children’s Accounts and Data  

The privacy policy from https://www.fitbit.com/us/legal/kids-privacy-policy  Last Accessed: 

24/06/2020 

INFORMATION YOU PROVIDE US 

When you create an account for your child, we’ll ask for personal information about them, like 

their name, date of birth, gender, height, and weight. You or your child may choose to share 

certain additional information with us. 

INFORMATION WE COLLECT FROM YOUR CHILD’S USE OF OUR SERVICES   

Your child’s Fitbit device collects data to track their activity during the day. This includes their 

steps, sleep, active minutes, and more. When their devices sync with a Fitbit app, data on their 

device is transferred to our servers. Fitbit does not collect location tracking data from your 

child. 

When your child accesses his or her account through the Fitbit app, we automatically collect 

and store information about account connectivity such as IP addresses, browser type, language, 

operating system, and app and mobile device information (including cookie and application 

identifiers). 

HOW WE USE THE INFORMATION WE COLLECT 

 We use the information in the following ways: to provide, personalize, and improve our 

services, authenticate users’ identities, track activities and exercise, and provide customer 

support. We also use the data we collect for internal purposes such as troubleshooting, 

protecting against errors, data analysis and testing, developing new features and services, and 

promoting the safety and security of Fitbit. 

We also use the information we collect to help children connect with other, guardian-approved 

Fitbit users which are displayed within the family account. 

HOW YOUR CHILD’S INFORMATION IS SHARED WITH YOUR CHILD’S FITBIT 

CONNECTIONS 

Your child’s username, name, activity, and picture are shared with approved connections in the 

family account. Information we collect may be shared outside of Fitbit in limited 

circumstances. We do not share personal information with companies, organizations, and 

individuals outside of Fitbit unless one of the following applies: 

https://www.fitbit.com/us/legal/kids-privacy-policy
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FOR EXTERNAL PROCESSING 

We provide personal information to our affiliates or other trusted businesses or persons to 

process it for us, based on our instructions and subject to other appropriate confidentiality and 

security measures. 

OWNERSHIP CHANGES 

If we are involved in a merger, acquisition, or sale of assets, we will continue to take measures 

to protect the confidentiality of personal information and give you notice before transferring 

any personal information to a new entity. 

FOR LEGAL REASONS 

We may disclose information to comply with a law, regulation, legal process, or governmental 

request; to assert legal rights or defend against legal claims; or to prevent, detect, or investigate 

illegal activity, fraud, abuse, violations of our terms, or threats to the security of the Services 

or the physical safety of any person. 

HOW TO ACCESS AND DELETE YOUR CHILD’S PERSONAL INFORMATION 

As a parent, you have control of any child’s account within your family account. Once you 

have signed into your Fitbit account, verified your email address, and created a family account 

you can create an account for your child. You can view your child’s complete account at any 

time through your family account. 

If at any time you wish to stop further collection or use of your child's information, you can 

delete your child’s account by either (1) contacting Customer Support, or (2) deleting your 

child from the family account and confirming your intent to delete the account in the email.  
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(3) Phase 1 – Part A and Part B Questions 
 

Phase 1 – A & B 

Question Options 

1. Which member of the household 

is taking the survey?  

       1A. Which age range do you fall 

under? 

 

1. Parent, Guardian, Adult (18+) and Child (16-

18) 

1A. 16-15, 26-35 and 36+  

2. What devices do you own? 

(Multiple Choice) 

 

Smartphone, Tablet, Computer/Desktop/Laptop, 

Smart wearable, Gaming Consoles, Drones  

3. Regarding the devices mentioned 

previously, what do you use them 

for? 

For work, Entertainment, social media, 

Communication, monitoring health, tracking 

activity, watching videos, learning  

4. Have you previously selected 

that you own a smart wearable? 

 

Yes or no  

5. Do you use the smart wearable 

for something specific? 

 

Losing weight, activity tracking, Keeping track 

of health problems  

6. You have previously selected 

that you own a smart wearable  

Please rate these functions in 

order of usefulness  

 

0 – Strongly Disagree – 10 -Strongly Agree  

7. Please rate these functions in 

order of usefulness (Activity 

tracking and monitoring health 

and well-being) 

0 – Strongly Disagree – 10 -Strongly Agree  

8. Would you say the device is 

motivating you to achieve your 

health and wellbeing goals? 

8A.  How has it motivated you in 

terms of your health and well-

being goals? 
 

8. Yes or No  

8A. Insert Text  

9. Which device do you mainly use 

for work purposes?  

9A.  and how many hours roughly 

do you spend using per day? 

9. Smartphone, Tablet, 

Computer/Desktop/Laptop 

9A. 0-1 Hours, 2-4 Hours or 6+ Hours  
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10. Which device do you use the most for 

leisure purposes? 

       10A. How many hours roughly do you 

spend using it?   

10. Smartphone, Tablet, 

Computer/Desktop/Laptop 

10A. 0-1 Hours, 2-4 Hours or 6+ Hours 

11. Would you say the time spent using 

the internet now during lockdown has 

increased or decreased? 

11A.  By how much? 

 

11. Increase or decrease  

11A. 0-1 Hours, 2-3 Hours, 4-5 Hours or 6+ 

Hours  

12. Finally, do you have any other 

comments to make about the future, in 

terms of how technology might affect 

you?   

12. Insert Text 

13. Are you a Parent or Guardian of a 

child aged 10 or younger? 

 

13. Yes or No 

Part B (Only if yes to Q13) 

14. Do you have any children aged from 0 

to 10 living at home with you, or who 

you have regular responsibility for?  

14.  Yes or No 

15. What age range do the children fall 

under?  

15. 0-1 Year Old,2-3 Year old, 4-5 Year old, 

6-7 Year old, 8+ Year old 

16. What devices do you and your family 

own within the household? 

Smartphone, Tablet, 

Computer/Desktop/Laptop, Smart wearable, 

Gaming Consoles, TV, Smart Toys 

17. Does any of the children use any of the 

devices selected above? 

17.  Yes or No 

18. On the devices mentioned previously 

what does your child use it for? 

18.  Communication, monitoring health 

vitals, watching videos, playing games, 

Learning  

19. In terms of “smart wearables” does 

your child own one? 

19A. Are you planning to buy this in the 

next 2 years?  

 

19. Yes or No 

19A. Yes or No 

20. Smart wearables such as smartwatches 

allow you as a parent to monitor health 

and wellbeing such as the temperature 

of the child. How useful is this for you 

as a parent?  

19. 0 –Extremely Useless– 10 - Extremely 

Useful 

21. Smart wearables such as smartwatches 

allow you as a parent to track location 

of the child. How useful is this for you 

as a parent?  

21. 0 –Extremely Useless– 10 - Extremely 

Useful 

22. How often does the child/children use 

the internet, independently or with 

help, on any device/in any place? 

 

22. 0-1 Hours, 2-3 Hours, 4-5 Hours or 6+ 

Hours 
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23. Would you say your child has spent 

more time using the internet now 

during lock-down? And how many 

hours?   

23. 0-1 Hours, 2-3 Hours, 4-5 Hours or 6+ 

Hours 

24. There are a lot of different views about 

technology. How much do you agree 

or disagree with these statements?  

24. (i) I believe that society should worry 

about technological change (ii) Overall, 

benefits children’s lives using the internet 

(iii) It is important for the child's future that 

they understand how to use technology (iv) 

Digital media like smartphones and tablet 

devices make parenting harder  

25. Do any of these lead to difficulties or 

conflict between you and your 

child/children?  

25. Bedtime/Sleep, Homework, Screen time  

26. How independent is your child? 26. (i) Allowed to walk to and from school 

with a friend (ii) Allowed to go to a friend’s 

house without adult supervision (iii) 

Allowed to crossroads without adult 

supervision. (iv) Allowed to play in the 

garden without adult supervision. (v) 

Walking in the neighbourhood without adult 

supervision 

27. Finally, do you have any other 

comments to make about the future, in 

terms of how technology might affect 

you and your child(ren)? 

27. Insert Text 
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(4) Phase 2 - Focus group Questions 
 

Phase 2 

Question Options 

1. What devices does your child use 

(with a help of a parent or 

independent use)? 

1. Smartphone, Tablet, 

Computer/Desktop/Laptop, Smart wearable, 

Gaming Consoles, TV, Smart Toys 

2. What do they use the device/s for? 2. Communication, monitoring health vitals, 

watching videos, playing games, Learning 

3. What is the average time spent on 

the devices (Per day)? 

3. 0-1 Hour, 2-3 Hours, 4-5 Hours or 6+ 

Hours 

4. How has technology usage changed 

during lock-down/coronavirus for 

your child? 

4a. If more roughly by how much? 

4. Increase or decrease  

4A. 0-1 Hours, 2-3 Hours, 4-5 Hours or 6+ 

Hours 

5. Would you consider using a smart 

wearable such as the one being used 

for this research? 

5. Yes or No  

6. Smart wearables are defined as a 

device that is attached to the human 

body, which can perform 

autonomous computing and allows 

connection to other devices.  

Please rate the following in terms 

of usefulness  

6. (i) Feedback for Health and Well-being for 

your child (ii) Tracking location of the child 

(iii) Build good communication with the child 

(iv) Able to detect the emotion of the child 

7. What features and functions would 

be helpful for ...(i) Be able to detect 

and track location (ii) Monitor 

Vitals such as heartbeat (iii) 

Activity tracking. 

7. Insert Text 

8. Would it be helpful to integrate with 

different devices (such as with a 

smart thermometer)? If so, how 

would it be useful? 

8. Insert Text 

9. Thoughts on the current smart wrist 

wearable for children? 

9. Insert Text 

10. What feature is the most important 

to you when considering a device 

for your child and why? 

10. Insert Text 

11. Would you recommend any extra 

equipment you may need other than 

the ones listed above? 

11. Yes or No  

12. Would the research findings 

motivate you or your child to 

become healthier?  

12. Insert Text 
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(5) Phase 3 - Consent Form 
 

Phase 3 

Child/Young Person 

Question Options 

1. The study has been explained to me by 

my parent / legal guardian 

Insert initials  

2. I have been asked if I have any 

questions and all my questions have 

been answered so that I understand 

more about the study and how it will 

affect me 

Insert initials 

3. I know that I do not have to take part 

and can stop at any time without 

giving a reason 

Insert initials 

4. I agree to take part in the study of 

Smart technologies and beyond: 

Exploring how a smart band can assist 

in monitoring children independent 

mobility and wellbeing 

Insert initials 

The person with parental responsibility 

5. I understand that my child/young 

person participation is voluntary and 

that he/she is free to withdraw at any 

time without giving any reason, 

without his/her medical care or legal 

rights being affected 

Insert Signature   

6. I agree for my child/young person to 

take part in the study on Smart 

technologies and beyond: Exploring 

how a smart band can assist in 

monitoring children independent 

mobility and wellbeing 

Insert Signature   

7. I confirm that I have read the 

information sheet for the above study. 

I have had the opportunity to consider 

the information, ask questions and 

have these answered satisfactorily 

Insert Signature   

8. Please enter the following for your 

CHILD... 

• Age  

• Height  

• Weight  

• Boy or girl  

• DOB  

 

Insert Text 
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(6) Phase 4 – Parents and child experience Questions 
 

Phase 4 

The person with parental responsibility 

Question Options 

Please rate the following for USEFULNESS 0 –Extremely Useless– 10 - Extremely 

Useful 

2. Please rate the following for 

HELPFULNESS 

0 –Extremely Useless– 10 - Extremely 

Helpful 

3. Please rate the following for 

ACCURACY  

0 –Extremely Useless– 10 - Extremely 

Accurate  

4. Were you as a parent surprised with any 

of the results of the data presented? 

Insert Text 

5. Did you see any difference with your 

child when using the Fitbit? (Happier, freer 

to play…etc)  

Insert Text 

6. Knowing that a device such as the Fitbit 

used allowed to track location, monitor 

vitals and the child's activities, would you 

use a device like this in the future? 

Yes or no  

Child/Young Person 

1. Did you enjoy wearing the band?  Yes or no  

2. Do you think the smart band was eye-

catching? 

Yes or no 

3. How did you feel wearing the smart band 

while... 

Building the block  

Colouring activity  

Jigsaw puzzle  

Treasure hunt  

Matching card game  

Select multiple  
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(7) Ethics Approval Letter  
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