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ABSTRACT 
 

 
Context: Sensor base data is being used for many purposes in designing 

various memory aid systems for cognitive impaired people. Different 

memory aids or reminder systems are based on various technologies such as 

NFC, accelerometer, GPS and gyroscope. Smart phones are equipped with 

such sensors and can be used for assistance of persons. In this study we use 

smart phone sensors in order to design a context aware reminder system to 

assist cognitive impaired people. 

  

Objectives: Different reminder systems, needs for such systems, 

technologies and models used to build a reminder system are identified in this 

research work. Ultimate goal of the study is to assist cognitive people in their 

daily life activities, using available embedded technologies of smart phones. 

Following objectives were set to achieve the goal of the thesis work: 

 What are reminder systems and why do we need such systems? 

 What are the different kinds of technologies reported in literature for 

reminder systems? 

 What are the issues encountered by cognitive impaired/elderly 

people while performing their daily life activities? 

 How to design and implement context aware reminder system using 

Smartphone embedded sensors? 

 

Methods: Mix method approach is used to carry out this study. Literature 

review is conducted based on the notion of systematic review. Data is 

collected through survey and interviews, conducted in south Sweden 

municipality, to analyze and indentify daily life issues and problems of 

cognitive people. Experiments are performed in real environment to test and 

verify our application. We evaluate the performance of activity recognition 

algorithm, implemented in the application, using Weka.  

 

Results: Various reminder systems, their needs and underlined technologies 

are identified and reported. Activities of daily living and issues addressed by 

these reminder systems are also identified. Survey and interviews help us to 

identify issues and problems faced by cognitive impaired/elderly while 

performing their daily life activities. For example, we find out that cognitive 

people not only forget their daily life activities but also during performing 

these activities.  

 

Conclusions: Many proposed models in literature are related to each other 

and use similar sensor based data from various technologies. Based on 

literature review, survey and interviews we have concluded that context 

based reminder system is essential for cognitive disabled people. It leads us 

to design a context based reminder system for android based smart phones. 

The preliminary tests help us to verify our model but there is absolute need 

for further empirical verification and validation.     

 

 
Keywords: Reminder system, Smartphone, Sensor, 

Accelerometer, Cognitive disabilities. 
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1 INTRODUCTION 
 

Human Computer Interaction (HCI; original name: man-machine interaction) is a 

term known since the early 1980s [1]. HCI is a multidisciplinary research area in the 

field of computer science [2]. “Human-computer interaction is a discipline concerned 

with the design, evaluation and implementation of interactive computing systems for 

human use and with the study of major phenomena surrounding them.”[3]. HCI is 

neither the study of Human, nor the study of technology but the aim of HCI research is 

to develop and improve the interaction between users and computing devices [1]. 

Interactions with computing devices become easier through the advances in HCI. 

Computing devices have physical sensors and devices like GPS, RFID, PDA’s, 

wearable devices and virtual devices to interact and communicate with the user [1]. 

 

Smartphone devices are becoming more powerful because of its computational 

power and equipped with different sensors. Smartphones are not only used as  

communication devices but used in many different sectors [4] like healthcare, 

business, safety, environmental monitoring, transport, etc. Importantly Smart phones 

are programmable and come with a set of embedded sensors like an accelerometer, 

gyroscope, digital compass, microphone, GPS, NFC and camera [5]. GPS allow the 

phone to localize itself, enable new location-based applications such as local search, 

mobile social networks, and navigation. The compass and gyroscope represent an 

extension of location, providing the phone with increased awareness of its position in 

relation to the physical world (e.g., its direction and orientation) enhancing location-

based applications [4]. Accelerometer data is competent of the physical movement. 

The combination of accelerometer data and a stream of location estimated from the 

GPS can recognize the  transportation mode of a user, such as using a bike or car, 

taking a bus or the subway [4]. We can make efficient use of such sensors in 

developing reminder systems to facilitate people especially cognitive impaired people. 

 

 The majority of people with cognitive disabilities or elderly people are not able to 

enjoy independent leisure activities and have to struggle in daily life. They are mostly 

dependent on a care giver to do things on time throughout the day. Issues related to 

medication, food, the use of proper clothes according to weather, etc, represent 

problems which people with cognitive disability are facing [6].  

 

Reminders are used in everyday life to support people especially those with 

cognitive disabilities in reminding them about their task and perform it at appropriate 

place and time. Reminder systems plays vital role in assisted living solutions that 

allow people to remain active, able to enjoy independent leisure activities  and 

independence in their own homes [7]. In order to do so, reminder systems should be 

context (the situation within which something exists of happens, and that can help 

explain it) [57]  aware and should have knowledge about the reminders regarding 

What to issue, Where and When to do so [7][8]. With Context awareness, reminder 

systems can react and respond according to the users’ dynamically changing care 

needs and context [7][9].  

 

Legacy reminder systems are based on time-based rules which cannot be extended 

to temporal, environmental and behavioral contexts [10]. There are many reminder 

systems or memory aid systems developed to provide solutions for memory related 

issues[5][7][8][11] , but many of the systems are unable to provide reminders for 

crucial complex human activities [12] and most of these systems are not satisfactory 

because they are not proactive and are not able to trigger suitable reminders at proper 

time and location [13]. Also reminders are often pre-programmed after specific 
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schedule. The reminder should be updated based on sensor activities in the house and 

if something important changes, some of the reminders shouldn’t set off. Therefore, 

reminder systems need to be context aware and should avoid unnecessary prompting. 

 

 

In previous studies [14][15][13][16] different sensors are used to develop  

reminder systems. Sensor-enabled mobile phones are equipped with these sensors and 

have the potential to collect sensor data that can be used to develop context aware 

reminder system. The embedded technologies like accelerometer, NFC, GPS in Smart 

phones provide an opportunity to update the reminder systems automatically. These 

technologies sense the activities according to context and situation at the same time 

and can be used to update, as well as add new reminders in the system automatically.  

 

The proposed study is a congruent of qualitative and quantitative approaches. The 

authors conducted literature review followed by a survey and a couple of interviews to 

identify the needs and shortcomings of the existing reminder systems. Different built-

in sensors in smart phones are studied for this proposed study. 

 

The author is making use of built-in smart phone sensor data to design and develop 

a context aware reminder system. Raw accelerometer data is collected from different 

subjects and several features like mean and standard deviation are extracted from raw 

accelerometer data to recognize activity. Naïve bayes, C4.5 and Multilayer perceptron 

classifiers are used to check the performance of our activity recognition algorithm. The 

application senses the activity and generates a reminder based on context for user as 

well as sends an acknowledgement message to the caregiver. 

 

The detailed work is explained in the chapters ahead. 

1.1 Thesis Outlines 
 

The thesis report is organized as follows: 

 

Chapter 1 A brief introduction and structure of thesis is discussed. 

 

Chapter 2 Problem definitions, related work, Aims and Objectives, 

Research question and Expected outcomes are discussed.  

 

Chapter 3 A brief discussion of our theoretical work is discussed. 

Cognitive disabilities, Different Reminder system, Assistive 

technologies, Features of Smartphones which include different 

sensors are discussed. 

 

Chapter 4  Overview of Research methodology used for our research work 

is discussed. 

 

Chapter 5 Different kinds of reminder systems, technologies used in 

reminder systems, and needs of such systems are identified 

through literature review.  

 

Chapter 6 Analysis and results of surveys and interviews are discussed in 

details. 
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Chapter 7 Results of experiment for activity recognition through 

Smartphone built-in accelerometer, Design and working of 

prototype, and source code of application is discussed. 

 

Chapter 8 Conclusion, discussion, answers to the research questions, and 

future work is discussed. 
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2 PROBLEM DEFINITION 
 

2.1 Problem Definition 
 

The number of elderly people in different countries is increasing [17] and the 

majority of elders live with memory impairment issues [13]. A person with cognitive 

disabilities faces many problems while performing his/her daily life activities, such as 

managing medicine, food, toileting, dressing and undressing, brushing teeth, etc. 

Technologies can be used in order to support and improve the quality of life for such 

people. Therefore, various kinds of supporting systems have been developed.  

 

Reminders are used in everyday life to support people especially people with 

cognitive disabilities. People use reminders to remember and prompt their tasks and 

perform them at appropriate place and time [7]. Many reminder systems have been 

developed using different technologies to assist people with memory impairment. 

Smart phone is without any doubt one of the best technologies nowadays and the 

majority of people are using it. Smart phones are programmable and come with 

powerful embedded sensors [4]. 

 

Reminder systems are preprogrammed and not context aware [13]. It does not 

remind the user certain important activities while he/she needs according to the 

situation. A reminder system should be context aware as well as it should set a 

reminder according to the situation without altering previous reminders i.e. It should 

prompt reminder when user need it. It should avoid unnecessary prompting such as the 

reminder should turn off automatically if certain activity is already in progress. 

Therefore, setting and updating a reminder contextually is an important necessity. 

 

Therefore, smart phone technology can be used to implement a context aware 

reminder system for the support of elder and cognitive impaired people. The proposed 

context aware reminder system is an idea to prompt reminder according to context and 

situation and avoid unnecessary prompting. 

 

2.2 Related work 
 

Hsu et al [11], designed an RFID base reminder system implemented on PDA’s. 

Hsu presents a reminder system that uses the RFID technology to detect the objects 

that the user brings along. When the user leaves home, this system verifies objects in 

his/her pocket and compares the objects with a list of items generated by the system. 

The system then sends a reminder object list to the mobile phone or PDA. The user can 

browse the list and can take any forgotten object. 

 

Zhou et al [18], proposed a context-aware system that prompts reminding 

messages for elders based on fuzzy linguistic model to support elders for living 

independently. The purpose of this reminder system was to properly deliver a reminder 

message in appropriate way and time. 

 

Osmani et al [19] proposed a reminder system based on contextual data for elderly 

people. The reminder system is not only based on time and a pre-defined plan but also 

current context of the elder is taken into account.  
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Chaminda et al [13] presented a smart reminder system (SRS) for complex human 

activities, which are easy to forget in home environment. This reminder system is 

providing reminders for Coupling Activities i.e. activities that have initiation and 

conclusion phase. For example, when we open a bottle then it must be closed, so 

opening is initiation and closing the bottle is conclusion phase. Authors use 

accelerometer and camera sensor for their reminder system. 

 

Wang et al [20] proposed an automatic reminder system of medical order based on 

Bluetooth. The automatic reminder system consists of the prescription information 

transmission system in the doctors’ duty room, the intelligent box in nurses’ room and 

the text message reminders of the doctor’s advice to the nurses.  

 

Du et al[14], presented a context-aware reminding strategy to resolve the conflict 

between the pre-planned and disruptive activities of elderly. The prototype consists of 

user interface for caregiver to make plans for ADL’s, Sensor system to track user, and 

prompting devices which deliver reminder to elders. 

 

Das et al[10], implemented a context-aware prompting system amplified by a 

smart phone to determine prompt situations in a smart home environment. Authors 

formulate context awareness on the basis of three parameters: Temporal, 

Environmental and Behavioral. Tri-axial accelerometer data are used to determine 

patterns of an individual’s ambulatory movement. Authors perform real-time activity 

recognition on 5 activities. 

 

Mateska et al [21], proposes an assisted living solution based on wireless sensor 

networks and RFID technoloy. The integrated system offers In-home surveillance, 

items and medication usage reminder and early warning of potential dangerous 

situations. 

 

Asai et al [22], design a context- aware medication reminder system to work with 

various kinds of sensors, such as sensors of smart homes technologies. The system 

consists of four modules: sensing module, inferring module, ruling module, and 

actuating module. The sensing module consists of a medication table with scaled RFID 

readers.  The activation module consists of a home terminal and cell phone. 

 

The above mentioned work represents the use of specific technology in one or the 

other to serve the purpose for reminder system. The purpose is to highlight the use of 

such technologies in connection to reminder system. It gives motivation in two forms. 

First is to know the use of such technologies for reminder systems and second to make 

use of such technologies from smart phone in reminder system.  

 

Reminder systems used in above systems are technology dependent. These 

technologies can be used separately or in combination to serve the purpose for context 

aware reminder system. Smartphones carry most of the technologies as embedded. Our 

motivation is to make efficient use of Smartphone embedded technologies into a 

context aware reminder system for cognitive impaired and/or elder people. We can 

make use of these embedded sensors of Smartphone like Accelerometer, gyroscope, 

camera and NFC for the development of a context aware reminder system. Therefore 

Smartphone can be used as a context aware reminder system in a very cost effective 

manner. 
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2.3 Aims and objectives 
 

The aim of our research is to present sensor based data in smart phones to support 

persons with cognitive disabilities. 

 

 To identify various reminder systems of relevance 

 To identify various technologies used for predicting reminder systems 

 To identify daily life activities of cognitive impaired / elders 

 Understanding the use of accelerometer or gyro data for the benefits of 

cognitive disabled/elderly people 

 Assist cognitive impaired people while using Smartphone 

 Designing and implementing context aware reminder system in Smartphone 

2.4 Research Questions 
 

The authors identified the following research questions. 

RQ1. What is the state of the art in reminder system technology? 

 

RQ2. What are the issues encountered by cognitive impaired/elderly people while 

performing their daily life activities? 

 

RQ3. How to design and implement context aware reminder system using 

Smartphone embedded sensors? 

 

Research 

Question 

Purpose 

RQ1 This question is addressed by doing Literature Review which 

will result in the form of knowledge, which orients readers for 

the use of reminder systems; Technologies used in reminder 

system, and needs for such systems.  

RQ2 This question is addressed by survey and interviews to collect 

data about reminder systems, Smartphone Technology, and the 

daily life activities (ADLs) of cognitive impaired people. 

RQ3 This question is addressed by implementing a prototype in 

Smartphones for the assistance of cognitive impaired and elder 

people. 
Table 1 Purpose of Research questions 

2.5 Expected Outcomes 
 

 Technologies/Approaches used in different reminder system and needs of 

such reminder systems. 

 

 Complete list of activities which cognitive impaired people face and which 

needs continuous care. These activities will be categorized as daily life 

activities which can be used for various purposes to facilitate such types of 

patients.  

 

 A reminder system will be designed and implemented on smart phones to 

assist cognitive impaired patients in their daily life activities. This 

reminder system is context aware based on calendar data and ambulatory 

data from accelerometer of the smart phone to prompt notification 

according to context and situation. 
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3 THEORETICAL WORK 
 

This chapter provides information about cognitive disabilities, daily life activities, 

assistive technologies and reminder systems used for assistance of elder and cognitive 

impaired people and how technologies can be used to assist elders. This chapter also 

describes features of smart phones and explains Google Android platform to develop 

applications for smart phones.  

 

3.1 Cognitive Disabilities 
 

The world population with the group aged over 65 increasing faster [17]. 

According to 2009 United Nations Population Report, 737 million of age 60 or over in 

that year, which is 11 percent of the total population [18]. And it is expected that by 

2050 the number of elders will increase to near 2 billion and the proportion will be 

doubled compare to 2009 [18].  

  

Older adults normally face four types of challenges in daily life: Physical, social, 

sensory, and cognitive/ memory impairment. Cognitive impairment is the most 

frequent problem of elders [18]. The Diagnostic and Statistical Manual of Mental 

Disorders-IV defines a person with cognitive disability as one who is “significantly 

limited in at least two of the following areas: self-care, communication, home living 

social/interpersonal skills, self-direction, use of community resources, functional 

academic skills, work, leisure, health, and safety”[23].  

 

These elders or cognitive impaired people suffer difficulties in completing 

activities of daily living like taking medicine, planning, remembering to bring keys or 

mobile device, scheduling, etc. Therefore, it is important to know about Activities of 

daily living and Recognition of Activities of Daily Livings (ADLs) is necessary in the 

smart home environment. This promotes the close monitoring of key ADLs with which 

elderly people often have problems, e.g. eating, washing, medication, and clothing 

etc[17]. 

3.1.1 ADLs and IADLs 
 

Health professionals categorized life activities in two groups: Activities of Daily 

living (ADLs) and Instrumental Activities of Daily Living (IADLs). 

 

ADLs refer to activities or tasks of everyday life that an individual performs on 

daily basis for self-care and independent living such as eating, bathing, dressing and 

undressing, transferring to and from bed/Chair, toileting, walking, brushing teeth, 

Grooming. 

 

IADLs are activities that people perform once. These activities are also important 

to live independent but not on daily basis. These are complex skills needed to 

successfully live independently [24]. IADLs include the following: 

 Shopping 

 Cooking 

 Using the phone and other communication devices 

 Managing medication 

 Housework and basic home maintenance 

 Doing laundry 
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 Driving 

 Managing finances. 

 

Cognitive disabilities are also termed as hidden [25] and normally can’t be judged 

easily. Other studies show that most of the elders wish to live in their own homes 

instead of nursing homes [26]. Therefore, there is a need to use technologies to 

improve the quality of life of cognitive impaired people. According to many other 

reports, users show positive attitudes towards receiving potentially useful information. 

Therefore, it will be very useful to develop a sensor based reminder system[18]. 

Alternate solution can be a person visiting cognitive impaired on regular basis or make 

a telephone call to remind and enquire them about specific tasks. 

3.2 Reminder System 
 

The general definition of reminder system is “System used to remember, prompt or 

aid the memory” [27]. Reminders are used in everyday life to support people 

especially people with cognitive disabilities to remember and prompt their tasks and 

perform them at appropriate place and time. Reminder systems play a very important 

role in assisted living solutions that allowing people to remain active, able to enjoy 

independent leisure activities and independent in their own home [7]. 

 

In the past, people were using paper for reminder i.e. the most numerous external 

memory aids have involved written reminders in paper media [28]. But the  problem 

with paper-based reminder system is that users must remember to check their reminder 

systems for information about activities to be performed [28]. Other external memory 

aids are; calendar, phone/address book, alarm clock, pill dispenser labeled with days of 

the week etc [29]. 

 

According to [30], the mobile phone is the most commonly used technology for 

reminders, most of the participants using mobile phone features such as calendar, notes 

and alarm clock as their reminder tools. 

 

 

 
Figure 1 Examples of external memory aids 

 

Usage of external memory aids is itself a memory task, because you must 

remember to check the information for upcoming activities and appointments. A diary 

is helpful when the user remembers to check it for tasks to be performed, similarly an 

alarm clock is helpful only if the user remembers when to set and for what purpose. 

People with cognitive disabilities often forget to record information and forget to 

check the reminder system for upcoming activities so these have the greatest problems 

in using them so finally we can conclude that external aids are uncomfortable for 

cognitive impaired people  [31]. Moreover, if reminder system is context aware it will 

help allot people with forgetting things to do in general and cognitive impaired in 

specific. 
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3.3 Assistive Technologies 
 

Assistive technologies (AT) can be used for cognitive disabled people to support 

and improve the quality of life, and can be defined as “Any item, piece of equipment, 

or product system, whether acquired commercially, modified, or customized, that is 

used to increase, maintain, or improve functional capabilities of individuals with 

disabilities” [32]. Many researchers suggested that by using automated devices 

dependency on a caregiver can be reduced.  

 

Reminder is an example of assistive technology which is used to prompt or aid the 

memory [30]. Different kinds of equipment and Assistive technologies are available 

for the care of cognitive impaired and/or elderly people such as [33]: Community 

alarms, video monitoring, fall detectors, health monitors, Hip protectors, Pressure 

mats, Dawn/dusk lights, smoke alarms, fire alarms, Cooker controls, Door alarm, Drop 

sensor, Bedside Alarms, Electronic calendars/speaking clocks and 

Trygghetslarm(Security Alarm). Moreover, high numbers of elderly have safety 

alarms, and in some of the safety alarms accelerometer sensors are included.  

 

 
                Figure 2 Example of Accessories and existing alarm system 

 

 
             Figure 3 Trygghetslarm (Security Alarm) used for care of elders [34]. 

 

A variety of electronic devices have been used as memory aids such as pagers, 

personal digital assistants (PDAs), Dictaphones and mobile phones [35]. All these 

devices are successful for reminders issues which enable the users to carry out daily 

life activities, such as taking medication, appointments or taking foods, with little input 

from caregiver or family [35].  

 

The NeuroPage system developed in 1994 by the engineer father of a young man 

who suffered a brain injury with the help of a neuropsychologist. It is a successful 

reminder system that uses radio-paging or SMS technology for sending reminders. All 

reminders are stored on a central computer which can be updated later. Users receive 
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reminders automatically at appropriate data and time. NeuroPage system is successful 

and efficient for people having memory difficulties [36].  

 

Personal support technologies (PST), like PDAs can be used as a reminder system 

to enhance the independence and quality of life of cognitive impaired people. The 

caregiver or family can pre-program a PDA for daily life tasks for prompting the user 

[37]. Currently more advanced PDAs are available for helping individuals during their 

work and educational tasks. Hui-Huang Hsu et al [11] designed an RFID based 

reminder system implemented on PDA’s. 

 

Smartphones are without any doubt, one of the best technologies and importantly, 

nowadays Smartphones are programmable [4] e.g. Google Android provides an open 

source platform and application environment for their development. Due to availability 

of open source platform, applications for Smartphones can be developed to support 

cognitive impaired people.  

3.4 Smartphone Technology 
 

A category of mobile devices that includes more advanced computing ability and 

advanced functionality is known as Smartphone. The majority of people are using 

Smartphones nowadays not only for communication purpose but also for other 

purposes like web browsing, multimedia entertainment, games, GPS navigation. 

Smartphones are also used in many different sectors like healthcare, safety, 

environmental monitoring and transport etc [4]. 

 

 Smartphones nowadays are programmable and come with a set of embedded 

sensors like  acceleration sensors (i.e. accelerometers), GPS sensors, audio sensors (i.e. 

microphones), image sensors (i.e. cameras), light sensors, temperature sensors, and 

direction sensors (i.e. compasses) [38]. 

 
Figure 4 Sensors in Smartphone [4]. 

 

Some of Smartphone sensors are discussed below: 

3.4.1 Accelerometer 
 

A sensor used to measure acceleration along the x, y and z axes. An accelerometer 

is capable to recognize motion and to detect the orientation of the device [38]. By 

definition “An accelerometer is a device which measures the tilting motion and 

orientation.” Nowadays Tri-axial accelerometers are available in Smartphones which 

make Smartphones capable to identify and recognize daily life activities [39] e.g. 

running, walking, standing, cleaning, brushing teeth. 
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            Figure 5 Three axes of accelerometer [40] 

 

Data Description 

X Acceleration value of X axis 

Y Acceleration value of Y axis 

Z Acceleration value of Z axis 
Table 2 Accelerometer sensor data table 

 

 Accelerometers were initially incorporated in devices to support advanced game 

play and for automatic screen rotation [38] e.g. The screen of Smartphone changes to 

landscape mode when you rotate your Smartphone. 

 

Kwapisz et al [38] implement a system to recognize different daily life activities 

such as walking, jogging, climbing, stairs, sitting and standing using cell phone 

accelerometer. Acceleration plot for different activities performed by Authors [38] is 

given below. 

 

 
Figure 6 Acceleration plots for different activities [38] 

           

In another study Chaminda et al [13], uses three axes accelerometer sensor to 

capture user activities. An accelerometer signal of the activity is given blow.  
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Figure 7 Accelerometer pattern of opening and closing bottles [13]. 

 

Authors perform specific case study of opening and closing various types of bottles. 

3.4.2 Gyroscope 
 

A device for measuring changes in orientation. Gyroscopes sensors in 

Smartphones are used for finding the position and orientation of devices [41]. As 

compared to accelerometer the gyroscope can sense rotation i.e. Gyroscope is capable 

to measure the rate of rotation around a particular axis. 

 

 
Figure 8 the axis for Accelerometer and Gyroscope sensor [40]. 

 

Sensor type Data Description 

 

Orientation-sensor 

Yaw Rotation angle of Yaw axis 

Pitch Rotation angle of Pitch axis 

Roll Rotation angle of Roll axis 

Table 3 Orientation-sensor data table. 

 

Many Smartphones nowadays consist of built-in accelerometers sensors but not all of them 

have a gyroscope sensor [42]. The following table provides information about built-in 

accelerometer and gyroscope sensors being used in different Smartphones. 

 

Sensor Model Manufacturer Sensing 
Axes 

Quality 

Measured 

Range Vendor 

 

Accelerometer 

 

KR3DM 

BMA150 

 

STMicroelectronics 

Bosch 

 

X,Y,Z 

X,Y,Z 

 

Acceleration 

Acceleration 

 

±2g/±4g/±8g 

±2g/±4g/±8g 

Samsung 

Motorola, 

HTC, Apple 

 

Gyroscope 

 

3KG 

 

STMicroelectronics 

 

Y,P,R 

 

Angular 

Velocity 

 

250/500/2000

dps 

Samsung, 

Apple  

(iPhone 4) 

Table 4 Buit-in sensor in different smartphones 
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3.4.3 Global Positioning System 
 

A global navigation satellite system deployed by the US department of Defense 

and maintained by the US Air Force [43]. Global Positioning Systems (GPS) are 

available in most of today’s Smartphones that enable the phone to localize itself and 

enable new location-based applications like navigation, local search, and mobile social 

networks [4]. 

3.5 Smartphone Operating systems 
The mobile operating system (OS) used by modern Smartphones includes the 

following [44]. 

 Google’s Android 

 Apples’s iOS 

 Nokia’s Symbian 

 Blackberry Ltd’s Blackberry OS 

 Samsung’s Bada 

 Microsoft’s Windows Phone 

 Hewlett-Packard’s webOS and  

 Embedded Linux distributions such as Maemo and MeeGo. 

3.6 Android Platform 
 

Android is an open-source platform based on Linux announced by Google in 

November 5, 2007. It is composed of the operating system, the middleware and key 

applications [45]. Android offers many features which cover areas like Application 

Development, Media and Connectivity, Internet and these features include Application 

Framework, Media support for audio, video and still image formats, 3G, SQLite for 

structured data storage, Bluetooth, GPS, Compass, Camera, and rich Development 

environment[46]. The Android platform consists of five layers: 

 

 
Figure 9 Android system Architecture [47] 

 

1. Application 

 

Top layer contains core application like Email Client, Calendar, Web browser, Map 

browser, Contacts application etc. 
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2. Application Framework 

 

Application framework provides the base for application development. This layer 

consists of components like Activity Manager, Content Providers, View system, 

Intents, Window Manger, Package Manager Resource Manager and Telephone 

Manager. With the help of Application framework elements developers can build 

their applications to execute on Android Kernel.  

 

 

3. Libraries 

 

The core libraries include surface manager, SQLite, OpenGL/ES, Media Codecs, 

Webkit, Free type, SSL, and web browser engine LibWebCore etc. 

 

4. Android Runtime 

 

This layer consists of two components, Core Libraries which provides most of the 

functionality available in java programming, and Dalvik virtual machine which is 

used as a translator between the application and operating system. 

 

5. Linux Kernel 

 

It relies on modified Linux version 2.6 for core system services such as security, 

memory management, network stack, process management, and driver model [46]. 

3.7 List of Technologies and Daily life activities 
 

The following table shows list of daily life activities and technologies used in 

different reminder systems for ADL’s. 

 
Ref Name of Article Technology used Activities 
 
[6] 

A CASE STUDY OF 
NEUROPAGE: A REMINDER 

SYSTEM FOR MEMORY-

DISABLIED PEOPLE 

Neuropage: 

 A centrally located desktop  

 Modem 

 Pager 

 Getting up and dressed 

 Eating lunch 

 Watching the news headlines 

 Feeding the cat 

 Taking medicine 

 

[18] 
A context-aware reminder 

system for elders based on 

fuzzy linguistic approach 

Context aware reminder system based on 

fuzzy linguistic approach. 
 Taking medicine in the right time. 

 Remembering to bring keys or 
mobile device 

 Turning off the gas after cooking. 

 Cooking. 

 
[11] 

An RFID-Based Reminder 

System for Smart Home 

Prototype system implemented 

 PDA(Personal digital assistance) 

 RFID 

Detect things (Objects) that a user 
brings along when they leave home 

or office, like keys, wallet, specific 

books and cell phone. 

 
[20] 

Automatic Reminder 

System of Medical Orders 

based on Bluetooth 

Wireless communication technology. 

 Bluetooth technology 

Medicine schedule and other 
recommendations of doctors for 

patients. 

 

[14] 
Handling activity conflicts 

in reminding system for 

elders with dementia 

The system evaluates between actual and 

disruptive activities. The prototype consist 

of three components: 

 Sensor system to track user. (Contact 

sensor, motions sensor, in bed sensor, 

door sensor) 

 User interface for caregiver to make 

plane for ADL’s. 

 Prompting devices which deliver 

reminder to the elder like (PDA, PC, 
Bluetooth, and touch LCD). 

Three disruptive activities are taken 

into account. 

 Answering telephone calls. 

 Sleeping  

 Toiling 

 

[13] 
A Smart Reminder System 

for Complex Human 

Activities 

Smart reminder for complex human 

activities. 

 Accelerometer sensor 

Coupling activities (Opening and 

closing bottles). 
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 Location sensor (camera). 

 

[15] 
Sensor based micro context 

for mild dementia 

assistance 

Micro context based reminder system. 

 Passive infrared (PIR) 

 RFID 

 Video Camera. 

 Accelerometer  

Take out object and then put back 

objects, like open cupboard and 

then close cupboard. 

 
[48] 

A Feature Combination 

Approach for the Detection  

of Early Morning Bathroom 

Activities with Wireless 

Sensors 

Monitoring bathroom activities with 
wireless sensors. 

 Wear able Accelerometer  

 Brushing 

 Washing face 

 Shaving 

 

[16] 
Fall Detecting and 

Alarming Based on Mobile 

Phone 

Fall detection and alarming. 

 Smartphone embedded accelerometer. 

 Fall detection  

 

[21] 
RFID and Sensors Enabled 

In-Home Elderly Care 

Real time monitoring of the elderly people 

and their homes. 

 Wireless sensor network (WSN) 

 RFID. 

 Reminder for important items 

 Reminder for medicaments usage. 

 

[49] 

Fall Detection based on 

Movement and Smart Phone 

Technology 

Fall detection based on movement and 

Smartphone technology. 

 Accelerometer sensor 

 Orientation sensor 

 Fall detection 

 
[10] 

Context-aware prompting from 
your smart phone 

 Accelerometer 

 Door sensor 

 Temperature sensor 

  Perform real-time activity 
recognition on 5 activities: 

 Standing, sitting, walking, 
running and climbing stairs. 

Table 5 List of Activities, Technology used for reminder systems 

 

The following are list of activities recognized through accelerometers and smart phone 

embedded sensors: 

 
Ref# Title of Article Activities Recognized 

[50] Movement pattern recognition through 

Smartphone’s Accelerometer 

Stopping at red light and going across roads on green 

light. Tests were performed on the following actions. 

 Walking at regular speed; 

 Stopping at red light and going across the road at 

slightly higher speed on green light. 

 Walking again at regular speed. 

[51] Activity recognition from accelerometer data.  Standing 

 Walking  

 Running 

 Climbing upstairs 

 Going downstairs 

 Sit-Ups 

 Vacuuming 

 Brushing teeth 

[38] Activity Recognition using Cell Phone 

Accelerometers. 
 Walking 

 Jogging 

 Ascending Stairs 

 Descending Stairs 

 Sitting 

 Standing 

[52] Activity Recognition from user-Annotated 

Acceleration Data 
 Ambulation 

 Typing 

 Talking 

 Bicycling 

Table 6 List of activities recognized using Smartphones 

 

 

 



  16 

3.8 Comparison between different reminder systems and 

smart phone 
 

There are many reminder systems or memory aid systems developed to provide 

solutions for memory related issues [5][7][8][11]. Different approaches, models and 

sensors are used in these reminder systems. Smart phone technology is embedded with 

sensors and has the capability to be used as a reminder system. The following table 

describes the taxonomy between different reminder systems and smart phone. 

 
Technologies used in Different reminder systems Smart phone capabilities 

 Sensor system to track user. (Contact sensor, motions sensor, in 

bed sensor, door sensor) 

 User interface for caregiver to make plane for ADL’s. 

 Prompting devices which deliver reminder to the elders 

 Wear able accelerometer for activity recognition 

 Centrally located desktop 

 Location sensor (Camera) 

 Temperature sensor 

 Orientation sensors 

 RFID 

 Modem 

 Bluetooth technology 

Smart phone contains the following: 

 High resolution screen 

 Interactive design  

 Powerful CPU 

 GPS (Location) 

 Camera 

 Tri-axial Accelerometer  

 Microphone 

 Compass  

 Gyroscope 

 NFC 

 Proximity 

 Bluetooth  

 Ambient light 

Smart phone can be used as user interface and 
prompting device as well to deliver reminder 

to elders or care givers. 

Table 7 Texonomy between different reminder system and smartphone 

 

Keeping in view above relationships, it is quiet cost effective to make use of smart 

phone capabilities for various assistive needs such as reminder systems or memory aid 

systems. In an interview with a care giver, smart phone is a cost effective alternative 

compared to other expensive memory aid systems and they are looking forward for 

such systems. 

 

3.9 Conclusion and Discussion 
 

Cognitive impaired and / or elderly person faces difficulties while performing their 

daily life activities such as medication, food, the use of proper clothes according to 

weather etc. They are dependent on a care giver in their daily life. Different reminder 

systems discussed in section 8.1 are developed to support cognitive impaired people. 

Different available technologies such as GPS, Accelerometer, NFC, Bluetooth and 

RFID can be used to make their life easier according to their needs, abilities and 

disabilities. Other Assistive technologies are available for the care of cognitive 

impaired and/or elderly people such as: video monitoring, fall detectors, smoke alarms, 

fire alarms, Cooker controls, Door alarm, Electronic calendars/speaking clocks and 

Trygghetslarm(Security Alarm).  

 

The majority of people are using Smartphones nowadays not only for 

communication purpose but also for other purposes like web browsing, multimedia 

entertainment, games, GPS navigation. Smart phone has multiple features such as high 

computational power and built-in sensors that can be used for the assistance of 

cognitive impaired people. Google Android provides an open source platform and 

application environment for their development. Due to availability of open source 

platform, application for Smartphones can be developed to support cognitive impaired 

people. 
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4 RESEARCH METHODOLOGY 
 

In this chapter research methods used for our research work is described. 

According to HECEFE (Higher Education Funding Council For England) research is 

“Original investigation undertaken in order to gain knowledge and understanding” 

[53]. In this study a three step methodology is devised for the intended research. 

 

1. Literature review 

    Reminder systems, different technology used for reminder systems and Daily life 

activities of cognitive impaired / elderly people were identified using Literature 

Review. This section will answer RQ1. 

 

2. Surveys and interviews 

    In order to answer RQ2 surveys and interviews are conducted. 

 

3. Prototype implementation 

    Prototype Implementation is discussed in this section. This section will answer 

RQ3 

4.1 Research Design 
 

The research was conducted in three steps, in the first step, Literature review was 

conducted to know about reminder systems and different approaches to build reminder 

systems, technologies used for reminder systems, and daily life activities of cognitive 

impaired and/or elderly people. In the second step, surveys were conducted by the care 

givers of cognitive impaired and/or elders to find out their needs, activities, abilities 

and disabilities. Interviews from the administration of the care center for cognitive 

impaired and/or elders also conducted to know in depth about issues and needs of 

elders and the technologies that can assist these people in performing their daily life 

activities. On the basis of literature review, surveys and interviews an Android based 

prototype was implemented in smart phone for the assistance of cognitive impaired 

and/or elders. The diagram of this research design is given below: 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Literature Review 
 

RQ1 

 Survey 
 

 Interviews 
 

RQ2 

 Prototype Implementation 
 

RQ3 

Figure 10  Research Methodology 
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4.2 Literature Review 
 

Literature Review is “a mean of identifying, evaluating and interpreting all 

available research relevant to a particular research question, or topic area, or 

phenomenon of interest”[54]. The main purpose of conducting Literature review is to 

know about reminder systems, approaches and technologies used for reminder system 

and activities of daily living. 

 

Literature review is being conducted in three steps: Planning the review, 

conducting the review and reporting the review. 

 

 

 

 

 

4.3 Survey 
 

The Survey method is often the best technique for gathering data and feedback by 

asking questions from a number of people who have the desired information. In survey 

technique respondents have open time to think and answer the questions. Advantages 

of survey over other data collection techniques are [55]:  

 Surveys are cost effective than many other data collection techniques. 

 Surveys allow researchers to gather data and feedback in a relatively short 

period of time. 

 Surveys can be created quickly and administered easily. 

 

The survey is used to get feedback from care givers of cognitive impaired and 

elders to know about the daily life activities, abilities, disabilities, issues and problems 

of cognitive impaired or elders. Another purpose of the survey is to know about the 

technologies and their preferences and interest towards electronic devices. 

4.4 Interview 
 

Interviews are a systematic way of conversation to collect data from individuals 

[56]. There are three types of interviews. 

 Structured Interview: It contains well prepared and close ended 

questions  

 Unstructured Interview: It contains opened ended questions. 

 Semi-structured Interview: It contains specific close ended and open-

ended questions. 

 

       Semi-structured Interviews method is used to validate the selection of activities 

from the survey. In addition the interview is more technology focused. The aim is to 

collect data about assistive technologies and state of the art in reminder systems. 

 

4.5 Prototype Implementation 
 

A context-aware reminder system is designed and implemented on Android based 

smart phone. The context aware system takes ambulatory information from built-in tri-

axial accelerometer of Smartphone and temporal information from calendar data. 

Figure 11 Steps for conducting literature review 

Planning Conducting Reporting 
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Activity Recognition algorithm is implemented on the real time tri-axial accelerometer 

data to identify activity. The reminder system will avoid unwanted prompting.   
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5 LITERATURE REVIEW 
 

Literature Review is “a mean of identifying, evaluating and interpreting all 

available research relevant to a particular research question, or topic area, or 

phenomenon of interest”[54]. We perform literature review in three phases as 

suggested by [54]. 

5.1 Planning the review 
 

5.1.1 The Need for Literature Review 
 

The literature Review summarizes all related research about a phenomenon in an 

unbiased manner[54]. To answer Research Question 1 we collected data about 

Approaches and technologies used for reminder system, Activities of daily living, and 

current status of Smartphone technology being used for the assistance of cognitive 

impaired and/or elders. 

 

5.1.2 Research Question 
 

Research question 1 mentioned in section 2.4 is answered through LR in this work. 

The question is: 

RQ1. What is the state of the art in reminder system technology? 

5.1.3 Search Strategy 
 

In order to search most relevant material, we identified keywords (strings) 

according to our topic domain area and research questions. We also used synonyms 

and alternate keywords. We use Boolean AND’s and OR’s to define search strings. 

 Key words 

Reminder system, Approaches, Models, Need 

 Synonym 

Reminder, Memory aid, Electronic Memory aid, Require, Demand 

5.1.4 Search String 
 

Literature review is conducted to find out related articles about the reminder 

system, Technologies and Activities of daily living. After deciding keywords, 

synonyms and search strings we contact Sofia Swartz (BTH University Librarian) and 

refine our search strings according to her suggestion. The following search strings 

were used to extract related research articles. 

 

 

1 

 

((Reminder* OR  ”Reminder system" OR “Reminder systems” OR "Memory 

aids" OR "Memory aid") AND (need* OR require* OR demand*))   

 

 

2 

 

((Reminder* OR  ”Reminder system" OR “Reminder systems” OR "Memory 

aids" OR "Memory aid") AND (approach* OR model*)) 
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5.1.5 Online Resources used 
 

The following online data sources are used for literature Review: 

 

Database Content Type  Search In 

Inspec Journal/Conference Abstract/Title 

Compendex Journal/Conference Abstract/Title 
Table 8 Online Databases used 

 

We have used Google Scholar too because it also provides search results in the 

form of a journal, conferences and books. Google scholar searches the query in 

different databases like IEEE, ACM, Springer link etc. 

5.2 Conducting the Review 
 

The purpose of conducting the review is to study, compare and classify existing 

work in a particular domain and extract the most relevant and important information to 

answer the research questions [54]. 

5.2.1 Study Selection 
 

Relevant primary studies are found by using search queries, which are needed to 

be assessed for their actual relevance with our research area [54]. 

5.2.1.1 Study Selection Criteria 

 

Study Selection Criteria is used to identify and select main studies that provide 

direct evidence about the research question [54]. Inclusion and exclusion criteria are 

used for related studies selection based on the research question requirements. 

5.2.1.1.1 Inclusion and Exclusion Criteria 

 

After finding the most related articles, the following Inclusion criteria are used: 

 

 Article that is available in full text. 

 Article that is available in English. 

 Research articles which describe reminder systems, needs of cognitive 

impaired or elder people, approaches and models of reminder systems, 

and activities of daily living. 

 

We have followed the above criteria to narrow down our search and we have 

focused on recent literature. Those articles which do not match with the above 

inclusion criteria are excluded. 
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5.2.2 Study selection process 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 12 Literture Review Process 
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The following results obtained using different online databases: 

 

 

 Search Strings 

Data bases 

Total Compendex Inspec Identical 

 

((Reminder* OR  ”Reminder 

system" OR “Reminder systems” 

OR "Memory aids" OR "Memory 

aid") AND (need* OR require* 

OR demand*))   

 

 

 

798 

 

 

401 

 

 

287 

 

 

110 

 

((Reminder* OR  ”Reminder 

system" OR “Reminder systems” 

OR "Memory aids" OR "Memory 

aid") AND (approach* OR 

model*)) 

 

 

 

764 

 

 

198 

 

 

278 

 

 

 

139 

Total = 963 598 365  
Table 9 Number of articles extracted from different online databases 

 

Total number of articles was 963, after title and abstract review we select 39 

articles and at the end we choose 11 articles as the final ones. 

5.2.3 Selected Articles for study 
After the database search we selected the following articles for our literature 

review. These papers are selected from a systematic search based on our goals. These 

papers are central to our work and address at least one reminder system, needs for such 

systems and model or methodology used for adopting such systems. Moreover, the 

selected papers fulfill the quality assessment criteria provided in section 5.2.4. 

 

Selected Articles (Titles) Publication 

Year 
Reference 

A case study of NeuroPage: a reminder system for memory-

disabled people. 

 

 

1997 

 

[6] 

Autominder: an intelligent cognitive orthotic system for 

people with memory impairment 

2003 [9] 

An RFID-Based Reminder System for Smart Home. 

 

2011 

 

[11] 

A smart reminder system for complex human activities. 

 

2012 [13] 

Handling Activity Conflicts in Reminding System for Elders 

with Dementia. 

 

2008 [14] 

Sensor based micro context for mild dementia 

assistance. 

 

2010 [15] 

A context-aware reminder system for elders based on 

fuzzy linguistic approach. 

2012 [18] 

Automatic Reminder System of Medical Orders Based 

on Bluetooth. 
 

2011 [20] 

RFID and sensors enabled in-home elderly care. 

 

2011 [21] 
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Context-aware reminder system to support medication 

compliance 

2011 [22] 

Children vaccination reminder via SMS alert 2011 [57] 

Table 9 List of selected articles 

5.2.4 Study Quality Assessment 
 

The quality assessment is based on the quality of research study with respect to the 

area of research questions [58]. The quality assessment is based on the following rules. 

 The study should address reminder system. 

 The study should address the need for reminder system 

 The study should clearly address the aim of the study 

 The study should address the approach used in the study 

On the basis of the above defined quality assessment rules, the quality assessment 

of each research paper is performed. 

5.3 Reporting 
 

5.3.1 Result of selected articles 
 

Ref# Comments / Approaches / 

Technologies 

Why we need such 

system? 

Activity discussed 

[6] A computer based reminder system which 

consists of a centrally located desktop 

computer that stores schedules of reminder 

messages, a modem to automatically 

dispatch message and a pager to display 

reminder message. 

People with cognitive 

disabilities are unable to 

remember different 

activities of daily living. 

Medication, Taking 

food, getting up and 

dressed, watching 

the news. 

[9] Autominder is an activity based reminder 

system, providing its users with reminders 

about daily life activities. It models daily 

plans of elders and using intelligent 

technologies such as Bayesian update and 

reinforcement learning to observe user 

behavior and reason about the execution of 

these plans, and make decision about 

whether and when it is most appropriate to 

show reminder. 

Elders / Cognitive 

impaired people forgets 

daily life activities and 

are unable to enjoy 

independent leisure and 

have to struggle in daily 

life. 

Taking medicine, 

toileting, eating, get 

up, medical 

appointment, 

drinking water. 

[11] An RFID-based reminder system is 

designed to remind the user about objects 

that a user brings along. The reminder 

system is implemented on PDA’s and 

RFID technology is used to sense object 

when the user leaves home or office.  

There are main three functions of reminder 

server.  

 Collect tag ID’s from RFID reader 

 Process the rule set. 

 Generate and send the reminder list to 

the PDA client. 

 

Some people tend to 

forget things when they 

leave home or office. 

People need a reminder 

system to remind things 

that a user brings along. 

 

 

 

 

 

----------- 

[13] Coupling Activity Model (CAM) is used to 

predict reminders for Coupling Activity 

(CA’s). Activity recognition is used to 

recognize complex activities. Artificial 

Neural Network (ANN) is used for 

categorizing the activities  

1. People tend to forget 

activity in the 

middle. 

2. Activities should be 

completed as 

originally intended, 

after initiated.  

Coupling Activities 

(Opening and closing 

bottles). 

[14] The system deliver reminder when 

conflicts happen between preplanned and 

real time disruptive activities. The system 

To handle the conflicts 

between pre-planned and 

real time disruptive 

Toileting, Sleeping, 

Answering telephone 

calls.  
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consists of sensor system to track user, user 

interface for caregiver and prompting 

device which deliver reminder to the elder. 

activities. 

[15] Three main aspects of the reminder system 

are: 

 Activity recognition using different 

sensors like accelerometer, RFID, 

video camera. 

 Detection of deviation from plan. 

and 

 Micro-context based prompted 

reminders. 

In the final stage a person with 

dementia is gently prompted to return 

to the plan that is being pursued in the 

beginning. 

People with dementia 

can’t manage ADLs 

properly, they need to be 

monitored closely so that 

deviation in planned tasks 

can be detected early and 

the plane can be 

corrected. 

Eating, grooming, 

bathing, unlock door, 

burning stoves, 

washing the dishes 

and putting them 

away, making one’s 

bed, tiding up, 

sweeping and 

mopping floor. 

[18] 

 

A context aware reminder system based on 

fuzzy linguistic model.  This approach 

finds out the appropriate time and way to 

prompt reminding messages based on the 

interrupt level of users’ current activity and 

the urgent degree of triggered reminding 

applications. 

To deliver reminding 

messages in appropriate 

time and way. 

Sleeping, watching 

TV, Answering 

phone, washing 

clothes, taking 

medicine, turning 

gas off, cooking, 

wandering. 

[20] Automatic reminder system of medical 

order based on Bluetooth. The system 

consists of prescription information 

transmission system in doctor duty room, 

the intelligent box in nurse’s duty room, 

and the text-message reminder of the 

doctor’s advice to the nurses. The 

intelligent drug box in treatment room is 

the main technology of the system. 

The Accurate and real 

time implementation of 

medical order is crucial 

for patient health. 

Medication 

[21] The reminder system is based on wireless 

sensor networks and RFID technology. The 

system improves care of elder through 

home surveillance, items and medication 

usage reminder and early warning of 

potential dangerous situation e.g. (fire, gas 

leakage).  

Elder persons need to live 

safely and independently 

in their own homes. 

Reminder for 

important items, 

Medication. 

[22] Context- aware medication reminder 

system is designed to work with various 

kinds of sensors, such as sensors of smart 

homes technologies. The system consists 

of four modules: sensing module, inferring 

module, ruling module, and actuating 

module.  

The sensing module consists of a 

medication table with scaled RFID readers.  

The activation module consists of a home 

terminal and cell phone. 

Poor compliance of 

medication cause 

significant problems 

including worsening 

disease and increase of 

healthcare cost.  

Medication 

[57] Vaccination reminder system reminds 

parents about their children vaccination 

schedule. The system saves the child’s 

information on a database and according to 

the schedule. The reminder system 

automatically sends SMS to parents two 

days before the event.  

Vaccination on its time, 

period and schedule is 

very impotent for health. 

Parents sometimes forget 

time and schedule of 

vaccination due to tight 

work and daily routine. 

Vaccination. 

 

 

 

Table 10 Result of selected articles 
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5.4 Conclusion and Discussion 
 

Different Reminder systems, Needs for such systems and technology used in such 

systems are identified from Literature. Reminder systems are developed using different 

technologies according to the abilities, disabilities and needs of cognitive impaired 

and/or elderly people. There are different needs for reminders such as people tend to 

forget activity, they forget activity in the middle, they forget things when the live 

home or office, they forget time and place of activity etc. Many different technologies 

are used in reminder systems like accelerometer, Bluetooth technology, NFC, RFID, 

PDA, pager and Smartphone. 

 

Smartphone has multiple features and can be used for the assistance of people 

especially people with cognitive disability and/or elderly people. Embedded sensors in 

Smartphone can be used to collect data about the context and situation of user to 

develop a context aware reminder system.  
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6 SURVEY AND INTERVIEWS 
 

This chapter provides information about the survey and interviews, which is 

performed during our study. The purpose of the survey and interviews is to collect data 

about the daily life activities and need of cognitive impaired and / or elders but 

interviews are more technology focused. Details of the survey and interviews are given 

below. 

 

6.1 Survey 
 

Survey is the technique to collect data and get feedback by asking questions from a 

number of people who have the desired information. We conduct the survey starting 

from caregivers of cognitive impaired and elders. The purpose is to find out the needs, 

daily life activities, abilities, disabilities and issues that cognitive impaired and elders 

are facing because we know that the world population with the group aged over 65 

increasing faster [17]. According to 2009 United Nations Population Report, 737 

million of age 60 or over in that year, which is 11 percent of the total population [18]. 

Another purpose of our survey is to get acquainted with the preferences and interest of 

elders towards electronic devices and state of the art technologies. 

 

6.1.1 Survey process 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

6.1.2 Planning Survey 
 

The purpose of our survey is to collect data about the issues, daily life activities, 

ability and disability of cognitive impaired and elders. Another purpose is to find out 

the preferences and interest of elders about technology. (21 delimitation is missisg) We 

have delimited this survey to focus on reminders. So after conducting literature review 

and meeting with the supervisor we plan to design a mixed questionnaire i.e. questions 

being both open ended and close ended. The purpose of open ended question is to get a 

detailed list of activities and to get the list of the most important daily life activities.  

Figure 13 Survey process 

Survey Plane Survey Design 

Conduct Survey Analyze Survey Survey Report 

Pilot Survey 
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6.1.3 Questionnaire design 
 

The following points are considered in questionnaire design 

 We keep questions short and easy to read. 

 We keep questions simple and easy to answer. 

 We use both questions i.e. open ended and close ended questions 

 For close-ended questions we include all possible answers.  

 The questionnaire is translated into Swedish language as well. 

The questionnaire (in English) can be found in Appendix (A). 

 

6.1.4 Pilot questionnaire 
 

The main purpose of pilot questionnaire is to find out the errors, mistakes and 

other responses that we may have missed. Another purpose of pilot questionnaire is to 

find out whether the questions are easy and understandable or is there any confusion in 

the questions.  

 

After we have completed the pilot questionnaire test we update our questionnaire. 

We have removed errors, mistakes and changed the order of some questions. We have 

sent the final questionnaire to different organizations. We have selected and have sent 

our survey to those organizations that are providing help and facilities to cognitive or 

elders. We have conducted the survey among caregivers (nurses).  

 

6.1.5 Conducting survey 
 

The number of responses in a survey is important in order to produce accurate and 

useful results. The final questionnaire is sent to different organizations. Beside the 

survey is sent online to different organizations in Sweden too but we received no reply. 

On “Vård forskningens dag” held on 06/02/2013, we have approached 10 persons but 

we are unable to get responses.  

 

Finally we have sent our printed survey form to “Ronneby vidablick” and 

“Karlskrona kommun” municipalities in south Sweden and get 27 responses.  

6.1.6 Selection of Survey Participants 
 

The purpose of the survey is to collect data about the issues, abilities and 

disabilities of cognitive disabled. The participants selected for survey were cognitive 

disabled and/or elders. The data from 27 caregivers of cognitive disable along with 

survey already performed in south Sweden with age group of 62 to 89 is collected. 

6.1.7 Analysis of Survey 
 

The participants of the survey are caregivers (nurses) of elders who are working in 

municipality in south Sweden. The municipality also provides help to those who want 

to live at home. 

 Most of the elders who need more care prefer to live in care centers while 

some also want to live at home. 

 Elders use electronic device “trygghetslarm” (Security alarm) when they 

need help. They can use electronic devices but in very simple way like 

just pressing buttons. 
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 85% caregivers think that elders feel difficulties while performing their 

daily life activities and some of the elders may solve a part of these 

activities by their own. 

 Elders / cognitive impaired people forget things and are unable to 

remember some of the activities that are mentioned by caregivers like 

taking food, medicine, location finding, and all memory related activities. 

 Some elders use electronic device as reminder system while some use 

paper and others are dependent on a caregiver. 

 Caregivers (85%) think that most of the elders forget activities while 

performing these activities. 

 Caregivers think that the most important activities that need to be 

reminded are what time they should take medicine, eat food, and go for 

an appointment or going to toilet and other entertainment activities. More 

than 55% think that Smartphone application will be the best option for a 

reminder system.  

 

The result of the survey shows that cognitive impaired / elders face problems in 

performing their daily life activities, planning, and decision making. They need 

assistance and are dependent on caregivers. They can use an electronic device and a 

simple and easy reminder application will be the best option. 

 

6.1.8 Survey Results 
 

We collect data from 27 participants working as caregivers in municipality located 

in south Sweden. The purpose of the survey is to collect data about elders, their 

abilities, disabilities, daily life activities and their preferences and interest towards 

electronic devices and state of the art technologies. 

 

There are three sections of the survey. The first section provides information about 

care giver and his / her organization. The second section contains questions about 

technology and the third and last section contains questions about daily life activities 

and reminder system. 

 

The results of the survey are given in details in Appendix (B). 

6.2 Validity Threats 
 

The validity threats of survey are given below. 

 

6.2.1 Internal Validity threats 
 

The poorly designed questionnaire can impact the response rate [60]. For this 

purpose questionnaire is designed on the basis of literature. There may be errors, 

mistakes and relevant information missing in questions. For this purpose we discuss 

the questionnaire with our supervisor and after that we send pilot questionnaire to 

remove errors and mistakes. Another threat is of language, some participants may not 

understand English language. For this purpose questionnaire is translated in Swedish 

language as well.   
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6.2.2 External Validity threats 
 

Selection of appropriate participants and number of participant is necessary for 

accurate results. For this purpose we send our survey to 27 caregivers of cognitive 

disabled/elder people. 

 

6.3 Interview 
 

Interviews are a systematic way of conversation to collect data from individuals 

[56]. The most common type of interview is face-to-face interview [61].  

 

The interview can be structured, Unstructured, or semi-structured. In structured 

interviews questions are predefined while in unstructured interviews there is no 

predefined agenda i.e. question and information to be collected from the interviewee 

are not decided in advance [61]. Semi-structured interviews are more relaxed as 

compared to structured interviews and most often used in qualitative studies [62]. 

 

6.3.1 Aims and objectives of interview 
 

Semi-structured interview method is used to know about the issues, problems, 

daily life activities, ability and disabilities of cognitive disabled/elders. Another 

purpose of interviews is to know about the current assistive technologies, used for 

assistance of cognitive disabled and/or elder peoples. 

 

6.3.2 Interview Design 
 

We prefer semi-structured interview method for our research and keep open-ended 

questions in order to know in depth about the daily life activities, issues, and assistive 

technologies of cognitive disables or elder people. We design a set of questions for 

both interviewees. Questions for the first interviewee are more technology related 

because the interviewee has the experience in assistive technologies. Questions for the 

second interviewee are more about cognitive disables or elder people. 

 

6.3.3 Transcribing 
 

Recording interview and taking notes approach are used for interviewing. 

Interviews are recorded with the permission of interviewees. We also have taken some 

notes during the interview. After the interview, we have listened to the recorded 

interview many times and transcribed the interview immediately in order to reduce the 

risk of forgetting important points mentioned by interviewee. The transcribed 

interviews are included in Appendix C. 

 

6.3.4 Selection of Interviewee 
 

In order to achieve the above objectives, we try many persons for interview but at the 

end we were able to take interview from two interviewees. Both interviewees are 

selected from municipality of south Sweden. Both have the experience of working 

with cognitive people and elder people. The first interviewee is currently working as 

Area director and has over 18 year experience in the field of technology for elders, 

whereas the second interviewee is currently working as a care giver and has over 27 
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years of experience in the municipality mentioned above. The roles, responsibilities 

and other information of the interviewees are mentioned in the Appendix C. 

 

6.3.5 Data Analysis 
 

The qualitative data analysis (QDA) method is used for analysis of interviews. The 

quality data analysis (QDA) is a process of noticing, colleting, and thinking about 

interesting things [63]. The interview questions are unstructured, informal and open 

ended. More knowledge about cognitive impaired/elderly people is extracted therefore 

open ended questions are focused. Therefore the authors have used QDA technique to 

extract knowledge from the interviews. 

 QDA model is shown in the following figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

QDA is not only the process of notice, collect and think about thing, but it also has 

the following characteristics [63]:  

 Iterative and progressive 

 Recursive 

 Holographic 

 

During interviews different issues of cognitive disabled/elder people are discussed. 

Assistive technologies that are currently in use for the assistance of these people are 

discussed in details.  Layout of our prototype is also discussed with interviewee.  

6.3.6 Interview Analysis 
 

Two interviews are conducted during the study: one from area director and one 

from care giver of cognitive disable/elder people.  

 

 Older population in Sweden is growing, and they do not have more 

caregivers to provide care to all elder people. 

 Cognitive impaired/elder people who need more care prefer to live in care 

center. 

 Cognitive impaired/elder people face difficulties while planning, 

scheduling and performing their daily life activities. 

 They cannot remember and analyze things and they often cannot learn 

things. 

 Some time they are totally dependent on care giver. 

 Young cognitive people can start learning. 

 Elder people use “trygghetslarm” when they need some assistance from 

caregivers.  

 Some elders uses specially designed cell phone, but they are not aware too 

much of state of the art technology. 

Notice Things 

Think about things Collect things 

Figure 14 Quality data analysis 
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 They can use Smartphones, laptops and other electronic devices but in 

very simple way. 

 There is no reminder system implemented in elder houses which can be 

used to remind different activities. 

 Reminder system in smart phone can provide support to cognitive disable 

people / elder people. 

 Cognitive can read text but pictures are easier to read and understand. 

  Prototype for cognitive impaired people / elder people should be very 

simple and easy to operate. 

6.4 Conclusion and Discussion 
 

Survey and Interview provide in depth knowledge about the issues raised in thesis. 

According to survey and interview results, Sweden is facing shortage in caregivers. 

They are in dire need of such systems which can aid caregivers. Most of cognitive 

impaired people can make use of electronic devices but with simple interfaces. 

According to our findings, cognitive impaired prefer visual effects than text base 

interfaces. Interestingly there is no such system in use for cognitive impaired people. 

According to our findings, young generation with cognitive disabilities tends to use 

complex electronic devices such as Smartphones. More than 55 % of the survey and 

interview respondents liked the use of such reminder system for cognitive disabled 

people. 

 

These results encouraged us to make use of built in technologies of Smartphone to 

implement a context aware reminder system. The proposed reminder system is based 

on simple graphics with very less human interaction. Due to its context awareness 

nature and mass availability, Smartphone is best suitable choice for reminder system. 
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7 PROTOTYPE IMPLEMENTATION 
 

This chapter provides details of activity recognition experiments in order to design 

a context aware reminder system, analysis of activity recognition and prototype 

implementation. Prototype of context aware reminder system is implemented on 

Galaxy Nexus (Android base Smartphone). Prototype is designed according to 

interviewer’s suggestions. Feedback of prototype implemented on Android base 

system from users is provided at the end. 

7.1 Activity Recognition Task 
 

The proposed alarm system is based on activity recognition which can be 

identified from built-in Smartphone accelerometer. An experiment is devised to 

identify a particular activity. In this study the activity is walking and sitting which can 

be extended later on to running, climbing stairs, eating, brushing and cycling. Different 

activities are recognized by calculating standard deviation of raw accelerometer data 

[51][52].  

 

The experiment designed is composed of 10 participants of different age and 

gender. The purpose is to collect data for activity recognition. The data is collected 

from old people as well as middle aged to see whether the prototype is functioning. It 

is delimitation but serves the experimental purpose. The smart phone is placed in the 

front pocket while performing the experiment as shown in the figure 15.  

 

 
           Figure 15 Smartphone placement during experiment 

 

7.1.1 Data Collection 
 

In order to collect data from participants we have developed a simple application, 

which allows us to start recording, stop recording, collect and save data in a data file. 

One thousand samples from each participant are saved in data file and then processed 

and plotted using Matlab. Before collecting data from user, we check and analyze 

accelerometer samples per seconds. We check the time and find that from our 

accelerometer we can get 10 samples per second. 

 

7.1.2 Features Extraction 
 

For activity recognition, certain features are defined in literature which needs to be 

identified. These features are Mean, Standard deviation and Window size. These are 

further defined below. These features serve as attributes for activity recognition 
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algorithm. Raw accelerometer data is collected by placing Smartphone in front pocket 

of user and saved as data file. Further the data file is processed in Matlab with a 

specific window size to calculate mean and standard deviation for activity recognition. 

 

 

 Mean 

Mean is the average and is computed as the sum of all the observed 

outcomes from the sample divided by the total number of events [64]. 

 Standard deviation 

Standard deviation shows how much variation or dispersion exists from 

the average (mean), or expected value [65]. 

 

 Window size 

Window size is used to divide samples into smaller sequences. 

 

Different features like mean and standard deviation [51][52] are calculated from 

the raw accelerometer data  of each participant.  Specific upper and lower bounds of 

standard deviation are identified used for activity recognition [51]. 

 

Different features are calculated from one second window (10 samples per 

second). The following table shows the calculated features. 

 

Features within one second (10 samples) Description 
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Table 11 Features extracted from raw Accelerormeter data 

 

Following are details of participants and number of experiments performed by 

each participant. 

 

Participant Age Sex Experiment performed 

P1 28 Male 2 time 

P2 31 Male  3 time 

P3 34  Male 2 time 

P4 41 Male 2 time 

P5 45 Male 2 time 

P6 65 Male 2 time 

P7 32 Female 2 time 

P8 34 Female 1 time 

http://en.wikipedia.org/wiki/Statistical_dispersion
http://en.wikipedia.org/wiki/Mean
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P9 38 Female 2 time 

P10 43 Female 2 time 
Table 12 Participants details 

 

The following source code (MATLAB) finds mean and standard deviation from 

1000 samples and plots the standard deviations of accelerometer data.  

 
global temp; 

global start; 

global stop; 

global meanAcc; 

global sdCount; 

load file.dat;     %  read data 

t = file(:,1); 

x = file(:,2);     %  copy second column in to x 

y = file(:,3);     %  copy third column in to y 

z = file(:,4);     %  copy fourth column in to z 

sqr = ((x.*x)+(y.*y)+(z.*z)); 

acc = sqrt(sqr); 

clc 

temp=0; 

start=1; 

stop=10; 

meanAcc=0; 

sdCount=0; 

sd = zeros(1, 100); 

for i = 1:10:1000 

 for j=start:stop 

  meanAcc=meanAcc+ acc(j,:); 

 end 

  meanAcc=meanAcc/10; 

 for j=start:stop 

  temp = temp + ((acc(j,:)- meanAcc)*(acc(j,:)- meanAcc)); 

 end 

  sdCount=sdCount+1; 

  sd(sdCount)=temp/9; 

  display(sd); 

  start=start+10; 

  stop=stop+10; 

  temp=0; 

  plot(sd); 

end 

7.1.3 Participants activity plots 
 

As discussed above in section 7.1.1 and 7.1.2, one thousand samples from 

accelerometer is recoded as 10 samples per second. Each plot is used to record the 

upper and lower bound of standard deviation for a particular participant in each 

experiment. Later on a threshold value between walking and sitting is identified which 

is used in activity recognition algorithm. 

 

7.1.3.1 Participant 1 Activity plots 

 

The following plots represent standard deviations of raw accelerometer data 

collected from participant 1. Standard deviation of “1 second window” (10 samples per 

second) is plotted.  

  

 

 

    

  

 
Figure 17 Plot of experiment1, Participant1 

 

 
Figure 16 Plot of experiment2, Participant1 
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The following table shows lower and upper bound of standard deviation calculated 

from participant 1 data. 

 
Participant Experiment Standard Deviation 

Lower bound Upper Bound 

P1 Exp-1 0.2811 3.4950 

Exp-2 0.5620 4.0120 
Table 13Participant 1 experiments details 

7.1.3.2 Participant 2 Activity plots 

 

The following plots represent standard deviations of raw accelerometer data 

collected from participant 2. Standard deviation of “1 second window” (10 samples per 

second) is plotted. 

 

 

 

    

 

 

 

 

  

 

 

 

 

 

 

 

The following table shows lower and upper bound of standard deviation calculated 

from participant 2 data. 

 
Participant Experiment Standard Deviation 

Lower bound Upper Bound 

 

P2 

Exp-1 0.7626 4.5840 

Exp-2 0.6041 3.9560 

Exp-3 0.3845 4.5140 
Table 14 Participant 2 experiments details 

7.1.3.3 Participant 3 Activity plots 

 

The following plots represent standard deviations of raw accelerometer data 

collected from participant 3. Standard deviation of 1 second window (10 samples per 

second) is plotted. 

 

 

 

    

 

 

 

 

 

 
Figure 19 Plot of experiment1, Participant2 

 

 
Figure 18 Plot of experiment2, Participant2 

 

 
Figure 21Plot of experiment1, Participant3 

 

 
Figure 22 Plot of experiment2, Participant3 

 

 
Figure 20 Plot of experiment3, Participant2 
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The following table shows lower and upper bound of standard deviation calculated 

from participant 3 data. 

 
Participant Experiment Standard Deviation 

Lower bound Upper Bound 

P3 Exp-1 0.2977 2.0170 

Exp-2 0.5620 3.1680 
Table 15 Participant 3 experiments details 

7.1.3.4 Participant 4 Activity plots 

 

The following plots represent standard deviations of raw accelerometer data 

collected from participant 4. Standard deviation of 1 second window (10 samples per 

second) is plotted. 

 

 

 

 

 

 

 

The following table shows lower and upper bound of standard deviation. 

 

The following table shows lower and upper bound of standard deviation calculated 

from participant 4 data. 

 
Participant Experiment Standard Deviation 

Lower bound Upper Bound 

P4 Exp-1 0.5521 2.1560 

Exp-2 0.3791 2.4300 
Table 16 Participant 4 experiments details 

7.1.3.5 Participant 5 Activity plots 

 

The following plots represent standard deviations of raw accelerometer data 

collected from participant 5. Standard deviation of 1 second window (10 samples per 

second) is plotted. 

 

 

 

 

 

 

 

 

 

The following table shows lower and upper bound of standard deviation calculated 

from participant 5 data. 

 
Participant Experiment Standard Deviation 

Lower bound Upper Bound 

P5 Exp-1 0.1840 1.6310 

Exp-2 0.1316 1.6520 
Table 17 Participant 5 experiments details 

 

 
Figure 24 Plot of experiment1, Participant4 

 

 
Figure 23 Plot of experiment2, Participant4 

 

 

 

 
Figure 26 Plot of experiment1, Participant5 

 

 
Figure 25 Plot of experiment2, Participant5 
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7.1.3.6 Participant 6 Activity plots 

The following plots represent standard deviations of raw accelerometer data 

collected from participant 6. Standard deviation of 1 second window (10 samples per 

second) is plotted. 

 

 

 

 

The following table shows lower and upper bound of standard deviation calculated 

from participant 6 data. 

 

 

 
Participant Experiment Standard Deviation 

Lower bound Upper Bound 

P6 Exp-1 0.3009 2.4450 

Exp-2 0.1844 1.9640 
Table 18 Participant 6 experiments details 

 

7.1.3.7 Participant 7 Activity plots 

 

The following plots represent standard deviations of raw accelerometer data 

collected from participant 7. Standard deviation of 1 second window (10 samples per 

second) is plotted. 

 

 

 

 

 

 

 

 

 

The following table shows lower and upper bound of standard deviation calculated 

from participant 7 data. 

 
Participant Experiment Standard Deviation 

Lower bound Upper Bound 

P7 Exp-1 0.7153 2.6390 

Exp-2 0.6253 2.9480 
Table 19 Participant 7 experiments details 

  

7.1.3.8 Participant 8 Activity plots 

 

The following plots represent standard deviations of raw accelerometer data 

collected from participant 8. Standard deviation of 1 second window (10 samples per 

second) is plotted. 

 

 

 

 

 

 
Figure 28 Plot of experiment1, Participant6 

 

 
Figure 27 Plot of experiment2, Participant6 

 

 
Figure 30 Plot of experiment1, Participant7 

 

 

 
Figure 29 Plot of experiment2, Participant7 

 

 
Figure 31 Plot of experiment1, Participant8 

 



  39 

The following table shows lower and upper bound of standard deviation calculated 

from participant 8 data. 

 
Participant Experiment Standard Deviation 

Lower bound Upper Bound 

P8 Exp-1 1.6720 5.0650 

Table 20 Participant 8 experiment details 

7.1.3.9 Participant 9 Activity plots 

 

The following plots represent standard deviations of raw accelerometer data 

collected from participant 9. Standard deviation of 1 second window (10 samples per 

second) is plotted. 

 

 

 

 

 

 

 

 

 

 

     The following table shows lower and upper bound of standard deviation calculated 

from participant 9 data. 

 
Participant Experiment Standard Deviation 

Lower bound Upper Bound 

P9 Exp-1 0.5815 3.1860 

Exp-2 0.7144 3.9590 
Table 21 Participant 9 experiments details 

7.1.3.10 Participant 10 Activity plots 

 

The following plots represent standard deviations of raw accelerometer data 

collected from participant 10. Standard deviation of 1 second window (10 samples per 

second) is plotted. 

 

 

 

 

 

 

 

 

 

The following table shows lower and upper bound of standard deviation calculated 

from participant 10 data. 

 
Participant Experiment Standard Deviation 

Lower bound Upper Bound 

P10 Exp-1 0.2313 1.8320 

Exp-2 0.4431 2.6560 
Table 22 Participant 10 experiments details 

 

 
Figure 33 Plot of experiment1, Participant9 

 

 

 
Figure 32 Plot of experiment2, Participant9 

 

 
Figure 35 Plot of experiment1, Participant10 

 

 

 
Figure 34 Plot of experiment2, Participant10 

 



  40 

 

7.1.4 Result of experiment 
 

After extracting features from raw accelerometer data, we identify lower and upper 

bounds of standard deviation of each participant. The following table shows the lower 

and upper bounds of all 20 experiments. 

 
Participant Experiment Standard Deviation 

Lower bound Upper Bound 

P1 Exp-1 0.2811 3.4950 

Exp-2 0.5620 4.0120 

 

P2 

Exp-1 0.7626 4.5840 

Exp-2 0.6041 3.9560 

Exp-3 0.3845 4.5140 

P3 Exp-1 0.2977 2.0170 

Exp-2 0.5620 3.1680 

P4 Exp-1 0.5521 2.1560 

Exp-2 0.3791 2.4300 

P5 Exp-1 0.1840 1.6310 

Exp-2 0.1316 1.6520 

P6 Exp-1 0.3009 2.4450 

Exp-2 0.1844 1.9640 

P7 

 

Exp-1 0.7153 2.6390 

Exp-2 0.6253 2.9480 

P8 Exp-1 1.6720 5.0650 

P9 Exp-1 0.5815 3.1860 

Exp-2 0.7144 3.9590 

P10 Exp-1 0.2313 1.8320 

Exp-2 0.4431 2.6560 
Table 23 Experiment results 

 

From the above table the lower bound of standard deviation for walk activity is 

0.1316 and upper bound is 5.0650. The following plot represents the experiments 

results and shows the threshold value between sitting and walking activity.  

 

 
Figure 36 Plot of experiments result 

 

According to our experiments the walking activity lies between 0.1316 and 

5.0650. The green line at 0.1316 in figure 16 shows the thresh hold value between 

sitting and standing activity.  
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On the basis of the above standard deviation lower and upper bound we conduct 

another experiment showing sitting and walking activity together. The following is 

plot of the experiment. 

 

 
Figure 37 Plot of sitting and walk activity 

 

In figure 37, red line shows threshold value which is 0.1316, region 1, 3 and 5 

represents sitting activity because standard deviation is less than 0.1, region 2, 4 and 6 

represents walking because standard deviation is greater or equal to threshold value. 

 

 

7.1.5 Activity Recognition 
 

After collecting data from different participants and extracting some features from 

collected data, we decide bounds of standard deviation for activity recognition [51]. 

We find 0.1316 as threshold value between sitting and walking activity. Proposed 

reminder system uses threshold value to decide activity and based on the threshold 

values the application decides for alarm prompting. If standard deviation is less than 

threshold value, alarm will be activated otherwise alarm will be turned off. 

 

Collect accelerometer data; 

calculate  mean and std; 

threshold value = 0.1316 

if (std < threshold) 

    Start Alarm;   // prompt alarm message 

else if (std >= threshold) 

    Stop Alarm;   // cancel alarm 

7.1.6 Analysis and performance of Activity Recognition Task 
 

The activity recognition algorithm should be able to recognize walking and sitting. 

Figure 37 shows the plot of standard deviation of walking and sitting activity.  

We devise activity recognition as a classification problem where classes 

correspond to activities and test data instances as “mean of resultant accelerometer 

values” and standard deviation [51].  

“Weka toolkit” (collection of machine learning algorithms) is used evaluate the 

performance of the base level classifiers. We evaluate the performance of the 

following base level classifiers, available in the “Weka toolkit”. 

 Naïve Bayes 

The Naive Bayes algorithm is based on conditional probabilities. It uses 

Bayes' Theorem, a formula that calculates a probability by counting the 

frequency of values and combinations of values in the historical data [66]. 
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 Decision Trees (C4.5) 

C4.5 is used to generate a decision tree which can be used for classification. It 

is often referred to as a statistical classifier. 

 Multilayer Perceptron 

       Multilayer perceptron is widely used for pattern classification, recognition, 

prediction and approximation. 

 

The following figure shows the result from Naïve Bayes classifier: 

 
Figure 38 Result from Naive bayes classifier 

 

The accuracy from Naïve Bayes classifier is 98%. Only 2 activities are incorrectly 

classified. The confusion matrix for Naïve bayes classifier is given below: 

 

 Predicted Class 

Walking Sitting 

Actual 

Class 

Walking 47 2 

Sitting 0 51 

Table 24 Confusion matrix for Naive bayes classifier 

 

The following figure shows the result from C4.5 classifier: 

 
Figure 39 Result from C4.5 classifier 
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The accuracy from C4.5 classifier is 99%. Only 1 activity is incorrectly classified. 

The confusion matrix for C4.5 classifier is given below: 

 

 

 

 

 Predicted Class 

Walking Sitting 

Actual 

Class 

Walking 49 0 

Sitting 1 50 
Table 25 Confusion matrix for C4.5 classifier 

 

The following figure shows the result from Multilayer perceptron classifier: 

 
Figure 40 Result from Multilayer perceptron classifier 

 

The accuracy from Multilayer perceptron classifier is 97%. Only 3 activities are 

incorrectly classified. The confusion matrix for Multilayer perceptron classifier is 

given below: 

 Predicted Class 

Walking Sitting 

Actual 

Class 

Walking 46 3 

Sitting 0 51 
Table 26 Confusion matrix for Multilayer perceptron 

The following table shows the summary of classifiers demonstrating the 

achievement of high accuracy. 

 

 % Records Correctly Predicted 

Naïve bayes C4.5 Multilayer perceptron 

Walking 95.91 100 93.87 

Sitting 100 98.03 100 
Table 27 Accuracy of Activity Recognition 
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7.2 Prototype design and working 
 

The prototype is developed on the basis of interviews. We keep the prototype very 

simple. Both pictures and text is used because using pictures is feasible [67] and also  

according to the interviewees pictures are more suitable to read for cognitive impaired 

or elder. Calendar data (time) and built-in tri-axial accelerometer data is used to start 

and stop the alarm.  

 

 
Figure 41 Prototype working 

 

User can set time for next reminder. By pressing the “Set time” button he/she can 

set time for next reminder. 
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Figure 42 Setting time for next reminder 

 

When the alarm starts and user picks up the Smartphone and sees the message, the 

application will recognize the context of picking up and will automatically goes in 

snooze mode. User can turn off the alarm manually by pressing the red bell shaped 

button. After pressing the bell shaped button, the picture and message is replaced and 

red button will change to green. 

 
                     Figure 43 Application in snooze mode 

 

After snooze time expires, application checks the user activity. If the user is still 

sleeping then application will start alarm otherwise it will be automatically turned off 

the alarm by recognizing the context of walking activity. This application also sends 

an acknowledgement message to caregiver. 
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7.3 Work flow 
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Figure 44 Work flow of application 
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Figure 44 shows the work flow of context aware reminder system. The application 

checks the context of the user and on the basis of the context it generates or cancels 

alarm. 

7.4 Prototype Evaluation in real Environment 
 

To test and see the usefulness of prototype, it is tested with end users in real 

environment. The participants are trained before the use of prototype. Galaxy Nexus 

(Android base smart phone) is provided with installed application. The main purpose 

of testing the application is to see the accuracy of activity recognition and how it 

prompts alarm. Another purpose of testing is to see whether it sends feedback to 

caregiver or not. 

Details of participants are shown in the table below: 

 

Participants Profession Age Gender 

Participant1 Student 33 Male 

Participant2 Student 34 Male 

Participant3 Student 29 Male 

Participant4 Student 32 Female 

Participant5 Student 26 Male 
Table 28 List of participans 

7.4.1 Feedback from participants 
 

After using the application feedback from each participant is recorded. Feedback 

from participants is given below: 

 The application is working fine. 

 It recognizes activity and prompt alarm on time. 

 Sending notification to another person is interesting feature. 

 It gives me the freedom of pressing buttons. 

 The interactive images give me an impression not to read text. 

 I like the automatic snooze feature 

 I like the feature that automatically turned off the alarm 

 I would like the application to remind me walking, drinking, toileting, and 

appropriate clothing. 

 Interactive and full screen image at particular activity will be appreciated. 

 

7.5 Application Source Code 
 

Source code of prototype is provided in Appendix D. 

7.6 Conclusion and Discussion 
 

The propose context aware reminder system is based on activity recognition. For 

this purpose we conduct 20 experiments from 10 subjects to recognize sitting and 

walking activity. We collect raw accelerometer data which is processed and plotted 

using Matlab. User behavior or activity recognition is performed through algorithm 

based on standard deviation. Weka toolkit” is used evaluate the performance of the 

base level classifiers. We evaluate the performance of the following base level 

classifiers, available in the “Weka toolkit”. 

 Naïve bayes  

 Decision Trees (C4.5) 
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 Multilayer perceptron. 

 

After Activity recognition task, we find the threshold value between sitting and 

walking activity by calculating standard deviation from 20 experiments. We use 

threshold value in our context aware reminder system. On the basis of threshold 

value application decides whether to prompt alarm or cancel alarm on specific 

time. Another purpose of application is to avoid unnecessary notification and 

prompting. The prototype is developed on the basis of interviews. We keep the 

prototype very simple. Both pictures and text is used because using pictures is 

feasible and also according to the interviewees pictures are more suitable to read 

for cognitive impaired or elder. The user feedback is satisfactory. 
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8 CONCLUSION AND DISCUSSION 
 

This chapter provides information about conclusion and discussion about our study 

and future work. 

8.1 Analysis and discussion 
 

Due to built-in sensors, computational power and other capabilities of 

Smartphones mentioned in section 3.7 can be used for assistance to cognitive disable 

people/elder people. The purpose of this study is to understand reminder systems, 

technologies used for reminder systems, needs for such systems, issues and problems 

encountered by elderly/cognitive impaired people while performing their daily life 

activities. Another purpose is how to use Smartphone technology and built-in sensors 

for the assistance of cognitive disabled/elder people.  

 

For such purposes a literature review is conducted, as mentioned in chapter 5, to 

study different reminder systems and technologies used in these reminder systems. In 

this part of research we set the following two goals: 

 Reminder system and needs for such systems 

 Different technologies used in reminder systems 

 

To achieve the above mentioned goals, literature review on the notion of 

systematic review is adopted referred to section 5.1.3, 5.2.1 and 5.3.1.  

According to our research, reminder systems are:  

 Sticky Notes 

 Calendar 

 Phone/address book 

 Diary  

 Alarm clock 

 Bedside, door and security alarm 

 Cooker controller 

 Pill dispatcher  

 Electronic calendar 

 Speaking clocks 

 Fall detectors  

 Pagers 

 PDAs as reminders 

 Other electronic devices used as reminder system 

 

Different needs for reminders are identified in literature reviews like 

 People forget activity to perform 

 People forget activity in the middle 

 Forgets things when they leave home or office 

 Forgets time and place of activity 

 Forgets medication 

 Real time implementation of medical order 

 People want to live safe and independently in their homes. 

 

  Different technologies are used for reminders like: 

 Smartphone, PDA and pager 

 Video camera, Accelerometer, gyroscope, RFID and NFC 
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 Bluetooth technology and 

 Desktop, PC and touch LCD. 

  

Survey and interviews from different caregivers and technical personnel, 

mentioned in chapter 6, are conducted to know the issues, problems and assistive 

technologies used for assistance of cognitive disabled/elder people. It is concluded that 

cognitive disable/elders are dependent on caregivers. They need assistance throughout 

the day. They can’t use complex electronic devices. They can use electronic devices 

but in very simple way. Currently they use security alarm for assistance. According to 

interviewee they need context aware reminder system that can also send 

acknowledgement message to caregiver about the current status of user.  

 

On the basis of literature review, surveys and interviews we develop a context 

aware reminder system for elders discussed in chapter 8 that works on accelerometer’s 

data and time. On the basis of time and accelerometer’s data it prompts the user to 

perform the specific activity. 

 

Our context aware reminder system is based on activity recognition. Activity 

recognition is based on analysis of calculating standard deviation from raw 

accelerometer’s data. The activity recognition algorithm is evaluated with 20 

experiments. 

 

The activity recognition algorithm should be able to recognize activity accurately. 

We devise activity recognition as a classification problem and evaluate the 

performance of base level classifiers, available in the “Weka toolkit”. All the base 

level classifiers, mentioned in section 7.1.5, are run on data set. We have done a 10-

fold cross-validation for each of the classifier. In a 10-fold cross-validation, the data is 

randomly divided into ten equal parts. Each part is used as the test set and remaining 

parts are used as training set. The test results are then averaged over the ten parts. 

The following table shows the summary of classifiers demonstrating the 

achievement of high accuracy. 

  

 % Records Correctly Predicted 

Naïve bayes C4.5 Multilayer perceptron 

Walking 95.91 100 93.87 

Sitting 100 98.03 100 
Table 29 Summary of base level classifiers 

We find that activity can be recognized with a very high accuracy by using tri-

axial accelerometer. Threshold value by calculating standard deviation employed by 

many other researchers like [51][52], are best and accurate way to recognize an 

activity.  

 

Fourier transform can be used as an alternative of standard deviation. Other sensor 

like GPS and gyroscope can be used in conjunction with accelerometer to recognize 

activity.  

 

8.2 Research Questions 

8.2.1 Research question 1 
 

Question: What is the state of the art in reminder system technology? 

 

The research question-1 is answered through literature review.  
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The general definition of reminder system is “system to remind, prompt and aid 

memory”. According to our findings reminder system can be paper, notes, calendar 

and different other electronic devices mentioned in section 5.4 in details.  

Different needs for reminder systems such as people forget time and place of 

activity, they want to live safe and independently, are mentioned in section 5.3.1 and 

5.4. 

Different technologies such as accelerometer, gyroscope, NFC, Bluetooth used in 

reminders, are mentioned in section 5.4. 

 

8.2.2 Research question 2 
 

Question:  What are the issues encountered by cognitive impaired / elderly people 

while performing their daily life activities? 

 

The research question-2 is answered through surveys and interviews. The survey is 

conducted from 27 caregivers. Different issues, problems, daily life activities, needs of 

elders/cognitive disable people, and use of technologies in their daily life are identified 

in surveys. According to survey cognitive disable/elders wants to live safe and 

independently. According to survey they use security alarm and some use special 

designed mobile phone. Survey results are mentioned in Appendix A and analysis is 

mentioned in 6.1.6. 

 Interviews are more technical and technology related. Different assistive 

technologies such as security alarm, mobipen/phoniro care and door sensors are 

identified through interview. Preferences and interests of cognitive impaired/elders 

towards electronic devices and technology are identified. According to the interviewee 

preferences and interests of elders are ease of use, simple, interactive and pictures base 

reminder system. Transcribed interviews are mentioned in Appendices C and D. 

Analysis of interviews is mentioned in section 6.2.6. 

  

8.2.3 Research question 3 
 

Question: How to design and implement context aware reminder system using 

Smartphone embedded sensors? 

 

The research question-3 is answered by developing an android application. A 

context aware reminder system is developed for cognitive disable/elder people. The 

application makes use of accelerometer data and time to activate an alarm. Another 

purpose of our context aware reminder system is to avoid un-necessary prompting.  

 

As our application is based on activity recognition, we have performed 20 

experiments and collects accelerometer data to find the threshold value between sitting 

and walking activity. After 20 different experiments we find 0.1316 as threshold value 

between sitting and walking activity. Activity recognition task and experiment is 

mentioned in section 7.1.2. Details and results of experiments are mentioned in section 

7.1.3. Performance of activity recognition algorithm is evaluated on different base 

level classifiers available in weka toolkit. Performance and analysis of algorithm result 

is mentioned in section 7.1.5. 

 

Salient features of the proposed reminder system are: 

 Context aware and situation base 

 Prompt reminder when user need it 

 Less human intervention 

 Easy to use 
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 Avoid unwanted notifications 

 Reminder is set and goes off based on contextual data. 

 Send acknowledgement message to care giver 

 No dedicated hardware needed 

 Less computation  

 Accurate to recognize activity 

 Cost effective 

 

   

 

8.3 Future Work 
 

In this research work we use smart phone built-in accelerometer to recognize 

activity, simply by keeping it in front pocket of user. Further we show that activity 

recognition is highly accurate. Other smart phone built-in sensors like gyroscope and 

GPS can be used along with accelerometer for accurate activity recognition. The 

proposed context aware reminder system is based on calendar and accelerometer data. 

It first recognizes activity and then decides whether to prompt the alarm or cancel it. 

The proposed reminder system needs further empirical trials before being put into use, 

since this is a concept and that future work requires more measurements and more 

data.  

 

In the future other sensors can be used to make this reminder system voice input 

capable to set reminders. This application will also be capable to calculate energy 

consumption from accelerometer data. Based on energy consumption by the person, it 

will show the list of food items required for the person to take. The proposed 

application will be extended for more activities like brushing, eating and taking 

medicine. GPS sensor can be used to localize a person. 

 

Environment sensors in android based Smartphone used to monitor ambient 

humidity, pressure and temperature. These sensors can provide useful input to update 

or set a reminder based on a specific context.  

 



  53 

9 REFERENCES 
 

[1] A. Ebert, N. D. Gershon, and G. C. Veer, “Human-Computer Interaction,” KI - 

Künstliche Intelligenz, vol. 26, no. 2, pp. 121–126, Mar. 2012. 

[2] C. Y. Lester, “Advancing the Multidisciplinary Nature of Human Computer Interaction 

in a Newly Developed Undergraduate Course,” in 2008 First International Conference 

on Advances in Computer-Human Interaction, 2008, pp. 177–182. 

[3] “ACM SIGCHI Curricula for Human-Computer Interaction : 2. Definition and Overview 

of Human-Computer Interaction.” [Online]. Available: 

http://old.sigchi.org/cdg/cdg2.html. [Accessed: 08-May-2013]. 

[4] N. D. Lane, E. Miluzzo, H. Lu, D. Peebles, T. Choudhury, and A. T. Campbell, “A 

survey of mobile phone sensing,” IEEE Communications Magazine, vol. 48, no. 9, pp. 

140 –150, Sep. 2010. 

[5] H. Si, S. J. Kim, N. Kawanishi, and H. Morikawa, “A Context-aware Reminding System 

for Daily Activities of Dementia Patients,” in 27th International Conference on 

Distributed Computing Systems Workshops, 2007. ICDCSW  ’07, 2007, p. 50. 

[6] F. K. Aldrich, “A case study of NeuroPage: a reminder system for memory-disabled 

people,” in : 1997/117), IEE Colloquium on Computers in the Service of Mankind: 

Helping the Disabled (Digest No, 1997, pp. 10/1 –10/3. 

[7] M. R. McGee-Lennon, M. K. Wolters, and S. Brewster, “User-centred multimodal 

reminders for assistive living,” in Proceedings of the 2011 annual conference on Human 

factors in computing systems, New York, NY, USA, 2011, pp. 2105–2114. 

[8] M. E. Pollack, “Intelligent Technology for an Aging Population: The Use of AI to Assist 

Elders with Cognitive Impairment,” AI Magazine, vol. 26, no. 2, p. 9, Jun. 2005. 

[9] M. E. Pollack, L. Brown, D. Colbry, C. E. McCarthy, C. Orosz, B. Peintner, S. 

Ramakrishnan, and I. Tsamardinos, “Autominder: an intelligent cognitive orthotic 

system for people with memory impairment,” Robotics and Autonomous Systems, vol. 

44, no. 3–4, pp. 273–282, Sep. 2003. 

[10] B. Das, B. L. Thomas, A. M. Seelye, D. J. Cook, L. B. Holder, and M. Schmitter-

Edgecombe, “Context-aware prompting from your smart phone,” in 2012 IEEE 

Consumer Communications and Networking Conference (CCNC), Jan., pp. 56–57. 

[11] H.-H. Hsu, C.-N. Lee, and Y.-F. Chen, “An RFID-Based Reminder System for Smart 

Home,” in 2011 IEEE International Conference on Advanced Information Networking 

and Applications (AINA), 2011, pp. 264 –269. 

[12] E. Nazerfard, P. Rashidi, and D. Cook, “Using Association Rule Mining to Discover 

Temporal Relations of Daily Activities,” in Toward Useful Services for Elderly and 

People with Disabilities, vol. 6719, B. Abdulrazak, S. Giroux, B. Bouchard, H. Pigot, 

and M. Mokhtari, Eds. Springer Berlin / Heidelberg, 2011, pp. 49–56. 

[13] H. T. Chaminda, V. Klyuev, and K. Naruse, “A smart reminder system for complex 

human activities,” in 2012 14th International Conference on Advanced Communication 

Technology (ICACT), 2012, pp. 235 –240. 

[14] K. Du, D. Zhang, M. W. Musa, M. Mokhtari, and X. Zhou, “Handling Activity Conflicts 

in Reminding System for Elders with Dementia,” in Second International Conference on 

Future Generation Communication and Networking, 2008. FGCN  ’08, 2008, vol. 2, pp. 

416 –421. 

[15] J. Biswas, K. Sim, W. Huang, A. Tolstikov, A. Aung, M. Jayachandran, V. Foo, and P. 

Yap, “Sensor based micro context for mild dementia assistance,” in 3rd International 

Conference on PErvasive Technologies Related to Assistive Environments, PETRA 

2010, June 23, 2010 - June 25, 2010, 2010, p. Natl. Sci. Found. (NSF), CISE–Hum. 

Cent. Comput.; Univ. Cent. Greece (Comput. Sci. Biomed. Informatics Dept); 

University of the Aegean; Technol. Educ. Inst. Athens (Dep. Informatics); 

DEMOKRITOS National Center for Scientific Research (NCSR). 



  54 

[16] Z. Zhao, Y. Chen, J. Liu, and Z. Zhao, “Fall Detecting and Alarming Based on Mobile 

Phone,” in 2010 7th International Conference on Ubiquitous Intelligence Computing 

and 7th International Conference on Autonomic Trusted Computing (UIC/ATC), Oct., 

pp. 494–497. 

[17] S. Zhang, S. McClean, B. Scotney, P. Chaurasia, and C. Nugent, “Using duration to 

learn activities of daily living in a smart home environment,” in Pervasive Computing 

Technologies for Healthcare (PervasiveHealth), 2010 4th International Conference on-

NO PERMISSIONS, 2010, pp. 1 –8. 

[18] S. Zhou, C.-H. Chu, Z. Yu, and J. Kim, “A context-aware reminder system for elders 

based on fuzzy linguistic approach,” Expert Systems with Applications, vol. 39, no. 10, 

pp. 9411–9419, Aug. 2012. 

[19] V. Osmani, D. Zhang, and S. Balasubramaniam, “Human activity recognition supporting 

context-appropriate reminders for elderly,” in 3rd International Conference on 

Pervasive Computing Technologies for Healthcare, 2009. PervasiveHealth 2009, 2009, 

pp. 1 –4. 

[20] H. Wang, Y. Shi, D. Zhao, A. Liu, and C. Yang, “Automatic Reminder System of 

Medical Orders Based on Bluetooth,” in 2011 7th International Conference on Wireless 

Communications, Networking and Mobile Computing (WiCOM), 2011, pp. 1 –4. 

[21] A. Mateska, M. Pavloski, and L. Gavrilovska, “RFID and sensors enabled in-home 

elderly care,” in 2011 34th International Convention on Information and 

Communication Technology, Electronics and Microelectronics (MIPRO 2011), 23-27 

May 2011, 2011, pp. 285–90. 

[22] D. Asai, J. Orszulak, R. Myrick, C. Lee, J. F. Coughlin, and O. L. de Weck, “Context-

aware reminder system to support medication compliance,” in 2011 IEEE International 

Conference on Systems, Man, and Cybernetics (SMC), 2011, pp. 3213–3218. 

[23] A. P. Association, Diagnostic and statistical manual of mental disorders: DSM-IV-TR®. 

American Psychiatric Pub, 2000. 

[24] “Activities of Daily Living: What Are ADLs and IADLs?,” Caring.com. [Online]. 

Available: http://www.caring.com/articles/activities-of-daily-living-what-are-adls-and-

iadls. [Accessed: 19-Nov-2012]. 

[25] E. F. LoPresti, C. Bodine, and C. Lewis, “Assistive technology for cognition 

[Understanding the Needs of Persons with Disabilities],” IEEE Engineering in Medicine 

and Biology Magazine, vol. 27, no. 2, pp. 29 –39, Apr. 2008. 

[26] P. Laukkanen, E. Leskinen, M. Kauppinen, R. Sakari-Rantala, and E. Heikkinen, 

“Health and functional capacity as predictors of community dwelling among elderly 

people,” Journal of Clinical Epidemiology, vol. 53, no. 3, pp. 257–265, 2000. 

[27] “What does reminder systems mean?” [Online]. Available: 

http://www.definitions.net/definition/reminder+systems. [Accessed: 10-Apr-2013]. 

[28] M. M. Dowds, P. H. Lee, J. B. Sheer, T. M. OʼNeil-Pirozzi, A. Xenopoulos-Oddsson, R. 

Goldstein, K. L. Zainea, and M. B. Glenn, “Electronic Reminding Technology 

Following Traumatic Brain Injury,” Journal of Head Trauma Rehabilitation, vol. 26, no. 

5, pp. 339–347, 2011. 

[29] J. Cohen-Mansfield, M. A. Creedon, T. B. Malone, M. J. Kirkpatrick, L. A. Dutra, and 

R. P. Herman, “Electronic Memory Aids for Community-Dwelling Elderly Persons: 

Attitudes, Preferences, and Potential Utilization,” Journal of Applied Gerontology, vol. 

24, no. 1, pp. 3–20, Feb. 2005. 

[30] F. H. Abdul Razak, R. Sulo, and W. A. Wan Adnan, “Elderly mental model of reminder 

system,” in Proceedings of the 10th asia pacific conference on Computer human 

interaction, New York, NY, USA, 2012, pp. 193–200. 

[31] B. A. Wilson, H. C. Emslie, K. Quirk, and J. J. Evans, “Reducing everyday memory and 

planning problems by means of a paging system: a randomised control crossover study,” 

J Neurol Neurosurg Psychiatry, vol. 70, no. 4, pp. 477–482, Apr. 2001. 

[32] C. Lewis, “Simplicity in cognitive assistive technology: a framework and agenda for 

research,” Univ Access Inf Soc, vol. 5, no. 4, pp. 351–361, Apr. 2007. 



  55 

[33] F. G. Miskelly, “Assistive technology in elderly care,” Age and ageing, vol. 30, no. 6, 

pp. 455–458, 2001. 

[34] “Falsk trygghet med trygghetslarm - Nyheter P4 Kronoberg | Sveriges Radio.” [Online]. 

Available: http://sverigesradio.se/sida/artikel.aspx?programid=106&artikel=4959188. 

[Accessed: 08-Sep-2013]. 

[35] E. A. Inglis, A. Szymkowiak, P. Gregor, A. F. Newell, N. Hine, B. A. Wilson, J. Evans, 

and P. Shah, “Usable technology? Challenges in designing a memory aid with current 

electronic devices,” Neuropsychological Rehabilitation, vol. 14, no. 1–2, pp. 77–87, 

2004. 

[36] B. Wilson, J. Evans, H. Emslie, and V. Malinek, “Evaluation of NeuroPage: a new 

memory aid,” J Neurol Neurosurg Psychiatry, vol. 63, no. 1, pp. 113–115, Jul. 1997. 

[37] D. Braddock, M. C. Rizzolo, M. Thompson, and R. Bell, “Emerging technologies and 

cognitive disability,” Journal of Special Education Technology, vol. 19, no. 4, pp. 49–

56, Fall 2004. 

[38] J. R. Kwapisz, G. M. Weiss, and S. A. Moore, “Activity recognition using cell phone 

accelerometers,” SIGKDD Explor. Newsl., vol. 12, no. 2, pp. 74–82, Mar. 2011. 

[39] A. M. Khan, Y.-K. Lee, S. Y. Lee, and T.-S. Kim, “Human Activity Recognition via an 

Accelerometer-Enabled-Smartphone Using Kernel Discriminant Analysis,” in 2010 5th 

International Conference on Future Information Technology (FutureTech), 2010, pp. 1 

–6. 

[40] D. A. Johnson and M. M. Trivedi, “Driving style recognition using a smartphone as a 

sensor platform,” in 2011 14th International IEEE Conference on Intelligent 

Transportation Systems (ITSC), 2011, pp. 1609–1615. 

[41] “Mobile Device Insight » Sensors in Smartphones » Mobile Device Insight.” [Online]. 

Available: http://mobiledeviceinsight.com/2011/12/sensors-in-smartphones/. [Accessed: 

17-Feb-2013]. 

[42] C. Barthold, K. P. Subbu, and R. Dantu, “Evaluation of gyroscope-embedded mobile 

phones,” in 2011 IEEE International Conference on Systems, Man, and Cybernetics 

(SMC), Oct., pp. 1632–1638. 

[43] J. Whipple, W. Arensman, and M. S. Boler, “A public safety application of GPS-enabled 

smartphones and the android operating system,” in IEEE International Conference on 

Systems, Man and Cybernetics, 2009. SMC 2009, 2009, pp. 2059 –2061. 

[44] “Smartphone,” Wikipedia, the free encyclopedia. 09-Sep-2013. 

[45] W. Hongman, Z. Xiaocheng, and C. Jiangbo, “Acceleration and Orientation Multisensor 

Pedometer Application Design and Implementation on the Android Platform,” in 2011 

First International Conference on Instrumentation, Measurement, Computer, 

Communication and Control, 2011, pp. 249 –253. 

[46] A. Kumar Maji, K. Hao, S. Sultana, and S. Bagchi, “Characterizing Failures in Mobile 

OSes: A Case Study with Android and Symbian,” in 2010 IEEE 21st International 

Symposium on Software Reliability Engineering (ISSRE), 2010, pp. 249 –258. 

[47] “anddev.org • View topic - Android - System Architecture (In Words).” [Online]. 

Available: http://www.anddev.org/open-news-f1/android-system-architecture-in-words-

t7.html. [Accessed: 08-Sep-2013]. 

[48] N. F. Ince, C.-H. Min, and A. H. Tewfik, “A feature combination approach for the 

detection of early morning bathroom activities with wireless sensors,” in 5th 

International Conference on Mobile Systems, Applications and Services, June 11, 2007 - 

June 11, 2007, 2007, pp. 61–63. 

[49] V. Q. Viet, G. Lee, and D. Choi, “Fall Detection Based on Movement and Smart Phone 

Technology,” in 2012 IEEE RIVF International Conference on Computing and 

Communication Technologies, Research, Innovation, and Vision for the Future (RIVF), 

2012, pp. 1–4. 

[50] A. Bujari, B. Licar, and C. E. Palazzi, “Movement pattern recognition through 

smartphone’s accelerometer,” in 2012 IEEE Consumer Communications and 

Networking Conference (CCNC), 2012, pp. 502 –506. 



  56 

[51] N. Ravi, N. Dandekar, P. Mysore, and M. L. Littman, “Activity recognition from 

accelerometer data,” in 20th National Conference on Artificial Intelligence and the 17th 

Innovative Applications of Artificial Intelligence Conference, AAAI-05/IAAI-05, July 9, 

2005 - July 13, 2005, 2005, vol. 3, pp. 1541–1546. 

[52] Ling Bao and S. S. Intille, “Activity recognition from user-annotated acceleration data,” 

in Pervasive Computing. Second International Conference, PERVASIVE 2004. 

Proceedings, 18-23 April 2004, 2004, pp. 1–17. 

[53] C. W. Dawson, Projects in computing and information systems: a student’s guide. 

Addison Wesley Publishing Company, 2005. 

[54] Kitchenham and S. Charters, “Guidelines for performing Systematic Literature Reviews 

in Software Engineering,” Engineering, vol. 2, no. EBSE 2007–001, p. 1051, 2007. 

[55] “What Is a Survey?,” About.com Psychology. [Online]. Available: 

http://psychology.about.com/od/researchmethods/f/survey.htm. [Accessed: 03-Jun-

2013]. 

[56] “Using Interviews as Research Instruments - annabel.pdf.” . 

[57] A. H. Abbas and Y. Yusof, “Children vaccination reminder via SMS alert,” in 2011 

International Conference on Research and Innovation in Information Systems (ICRIIS), 

2011, pp. 1–5. 

[58] K. Khan, A. A. Zafar, M. A. Alnuem, and H. Khan, “Investigation of Time Delay 

Factors in Global Software Development,” in Proceedings of World Academy of 

Science, Engineering and Technology, 2012. 

[59] “Senior Bokväm i Karlskrona - www.hi.se.” [Online]. Available: http://www.hi.se/sv-

se/Arbetsomraden/Projekt/Avslutade-projekt/Bo-bra-pa-aldre-dar/Pagaende-

projekt/Pagaende-projekt-om-forstudier/Senior-Bokvam-i-Karlskrona/. [Accessed: 10-

Sep-2013]. 

[60]  c=AU;o=Australian G. B. of Statistics, “Basic Survey Design.” [Online]. Available: 

http://www.nss.gov.au/nss/home.nsf/2c4c8bd01df32224ca257134001ea79a/0201e2012f

f0708eca2571ab00247a1b?OpenDocument. [Accessed: 25-Apr-2013]. 

[61] T. Cohene and S. Easterbrook, “Contextual risk analysis for interview design,” in 13th 

IEEE International Conference on Requirements Engineering, 2005. Proceedings, 2005, 

pp. 95–104. 

[62] “Interview types: Structured, semi-structured, and unstructured,” Examiner.com. 

[Online]. Available: http://www.examiner.com/article/interview-types-structured-semi-

structured-and-unstructured. [Accessed: 21-Apr-2013]. 

[63] “qda - seidel-qualitative-data-analysis.pdf.” [Online]. Available: 

http://www.engin.umich.edu/teaching/crltengin/engineering-education-research-

resources/seidel-qualitative-data-analysis.pdf. [Accessed: 22-Apr-2013]. 

[64] “Mean, Mode, Median, and Standard Deviation.” [Online]. Available: 

http://www.ltcconline.net/greenl/courses/201/descstat/mean.htm. [Accessed: 04-Jun-

2013]. 

[65] “Standard deviation,” Wikipedia, the free encyclopedia. 01-Jun-2013. 

[66] “Naive Bayes.” [Online]. Available: 

http://docs.oracle.com/cd/B28359_01/datamine.111/b28129/algo_nb.htm. [Accessed: 

04-Jun-2013]. 

[67] R. Hashemi, L. Sears, and A. Bahrami, “An Android Based Medication Reminder 

System: A Concept Analysis Approach,” in Conceptual Structures for Discovering 

Knowledge. 19th International Conference on Conceptual Structures, ICCS 2011, 25-29 

July 2011, 2011, pp. 315–22. 

[57] Cambridge online dictionary, 20130522 

 

 

 

 

 

 



  57 

APPENDIX A: Survey Questionnaire 

 

For Care giver of Cognitive / elders 

 
Q1. What kind of organization it is? Please enter name and description below? 

_______________________________________________________________________ 

_______________________________________________________________________ 

 

Q2. Where does the cognitive impaired and/or old person prefer to live? 

 Home 

 Organization 

 

Q3. Which types of electronic devices do they use? 

 Smartphone 

 iPad 

 PDA 

Other: ________________________________ 

 

Q4. To what extent do they use electronic devices in their everyday life? 

 

 Normal 

 Advance 

 Expert 

 

Q5. For which purposes do they use Electronic device? 

_______________________________________________________________________ 

_______________________________________________________________________ 

 

Q6. Do they feel difficulties while planning or scheduling daily activities? 

 Yes 

 No 

 

Q7. Which kind of activities do they forget the most? For example taking medicine, taking 

food, bathing, brushing, dressing, closing the door after opening and cooking etc. 

_______________________________________________________________________ 

_______________________________________________________________________ 

 

Q8. What kind of Reminder (Memory Aids) do they use for performing the daily life 

activities? 

 Paper 

 Electronic Device 

Other: __________________________________ 

 

Q9. Do you think Smartphone application will be the best support for reminder system? 

 Yes 

 No 

 

Q10. Do they forget how to carry out and end activities (Forget activity in the middle)? That 

is if you start cooking and then forgets that you have started cooking? 

 Yes 

 NO 
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Q11. What are the most important activities that needs a reminder e.g. taking medicine at 

specific time, appointment with doctor, bringing things as you leave home, Closing the door 

after opening it etc. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

Q12. What other information do you want to share with us related to activities or reminder 

system or about technology that can be helpful? 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 
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Results and Analysis of Questionnaires 
 

 

Question Answer Count Percentage 

(%) 

Q1. What kind of organization it is? Äldreförvaltningen 11 41% 

Äldreboendet 13 48% 

Karlskrona Kommun 3 11% 

Q2. Where does the cognitive impaired 

and/or old person prefer to live? 

Home 0 0% 

Service Home 27 100% 
Table 30 Organization details 

 

Technology 
Question Answer Count Percentage 

(%) 

Q3. Which types of electronic devices do 

they use! 

Smartphone 0 0% 

iPod 0 0% 

PDA 0 0% 

Other: 

Trygghetslarm 

 

27 

 

100% 

Q4. To what extent do they use electronic 

devices in their everyday life? 

Normal 27 100% 

Advance 0 0% 

Expert 0 0% 

Q5. For which purposes do they use 

electronic devices? 

Not Answered. 27 -- 

Table 31 Technology 

 

Daily life activities and Reminder system 

 

Question Answer Count Percentage 

(%) 

Q6. Do they feel difficulties while planning 

or scheduling daily activities? 

Yes 23 85% 

No 4 15% 

Q7. Which kind of activities do they forget 

the most? 

All Activities  4 15% 

Memory related 9 33% 

Time of activity 5 19% 

Food 6 22% 

Medicine 4 15% 

Location finding 1 4% 

Q8. What kind of Reminder (Memory 

Aids) do they use for performing the daily 

life activities? 

Paper  12 44% 

Electronic device 5 19% 

Other: 

Care giver 

 

10 

 

37% 

Q9. Do you think Smartphone application 

will be the best support for reminder 

system? 

Yes 15 56% 

No 12 44% 

Q10. Do they forget how to carry out and 

end activities?  

Yes 23 85% 

No 4 15% 

Q11. What are the most important activities 

that need a reminder? 

Appointment Time 3 11% 

Toilet 2 7% 

Entertainment 1 4% 

Medicine time 4 16% 
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Food time 3 11% 

Totally dependent on 

staff. 

2 7% 

No Answer 12 44% 

Q12. What other information do you want 

to share with us related to activities or 

reminder system or about technology that 

can be helpful for cognitive impaired 

and/or elders? 

   

Table 32 Daily life activities and Reminder system 

 

 

Q1. What kind of organization it is? 

 

 
 

Q2. Where does the cognitive impaired and/or old person prefer to live? 

 

 
 

Q3. Which types of electronic devices do they use? 
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Q4. To what extent do they use electronic devices in their everyday life? 

 

 
 

 

Q6. Do they feel difficulties while planning or scheduling daily activities? 

 

 
 

Q7. Which kind of activities do they forget the most? 

 

 
 

Q8. What kind of Reminder (Memory Aids) do they use for performing the daily life 

activities? 
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Q9. Do you think Smartphone application will be the best support for reminder system? 

 

 
 

 

Q10. Do they forget how to carry out and end activities? 

 

 
 

 

Q11. What are the most important activities that must need a reminder? 
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APPENDIX B: INTERVIEW QUESTIONS 
 

Q1: What is the name of your organization? 

Q2: What is the purpose of the organization? 

Q3: Where do cognitive impaired and/or elders preferred to live, and why? 

Q4: Why most of the cognitive impaired and/or elders preferred to live in service home? 

Q5: Do they feel difficulties while planning or scheduling daily life activities? 

Q6: Do they feel difficulties in remembering things? 

Q7: Do they often solve their problems themselves or get help from caregiver? 

Q8: Do they totally dependent on caregiver? 

Q9: What electronic devices do they normally use in his daily life? (TV, Laptops, iPod, 

Smartphone, cell phone, PDA’s etc).  

Q10: How much they are aware of these devices? 

Q11: For what purposes they use these devices? For communication purpose, games, 

entertainment etc. 

Q12: To what extent they are aware of these electronic devices? 

Q13: Are they able to learn about the new technologies?  

Q14: What type of memory aid do they use? Like paper, cell phone, Electronic device or 

other? 

Q15: Do you have any reminder system implemented at older houses? 

Q16: Do you think reminder system in smart phone can support them to remember/remind 

activities? 

Q17: What are your suggestion to design a user friendly and effective reminder system? 

Q18: What other information do you want to share with us regarding elders and caregiver? 
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Transcribed Interview 
Interviewee 

 

Name: Niclas Brissmalm  
Organization: karlskrona kommun 

Designation: Area Director-Alarm 

E-mail Address: Niclas.Brissmalm@karlskrona.se 
Date: 11/03/2013 

Time: 03:30 PM to 04:30 PM 

 

The contact person for interview was “Niclas Brissmalm”, currently working as 

area director in “Karlskrona Kommun”. He has over 18 years of experience in the field 

of technology for elders. 

 

Transcribed Interview 

In the beginning of the interview he discusses the purpose of the organization and 

how they provide help to the cognitive impaired and/or elders. He tells us that the 

organization has 800 apartments and 25 houses of elderly people. The organization is 

working with people living in houses or in a care center. Those people who need more 

care choose to live in care centers. 

 

According to Niclas Brissmalm cognitive impaired and/or elders feel difficulties 

while they perform their daily life activities and they are dependent on a caregiver. 

Most of the time, they are totally dependent on a caregiver, while sometimes they 

perform activities themselves. He further explains the issues faced by cognitive and/or 

elders. According to him the main problem is that they cannot understand, analyze and 

remember things and they often cannot learn things. The young cognitive can start 

learning and can learn things after a long time. 

 

About the technology and care he explains to us that they use “trygghetslarm” 

(Security Alarm) device which is connected with phone, internet and GSM. When they 

need help, they just press the button and then they go there and take care of him. In 

case of emergency if they cannot press the button they do not have an automatic 

system that informs the caregiver about the person in need.  

 

The elders normally use simple cell phones or specially designed phone but they 

do not have smart phones. The young cognitive impaired have Smartphones and they 

can do simple work on it. They can use electronic devices like they can use laptops but 

for simple and easy task. He further explains that technologies can reduce the burden 

on a caregiver but they have care givers at the age of 60 who need training to get 

familiar with these new technologies. 

 

Niclas says that they do not have any reminder system implemented at old 

people’s houses which reminds and prompts about the activities of daily living. He 

said that they need such system which can prompt automatically about the activity and 

also send notification to the caregiver if the activity is not performed.  

About the application he suggests that it should be automatic and very simple. 

There should be text and pictures as well because elders and/or cognitive impaired can 

read pictures better than text.  

 

At the end of the interview he tells us that number of elderly people in Sweden is 

rising and they do not have so many caregivers to provide care to all of them, so they 

need assistive technologies and automatic systems for  the care of cognitive impaired 

and/or elders. 

mailto:Niclas.Brissmalm@karlskrona.se
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APPENDIX C: INTERVIEW QUESTIONS 
 

Q1: What is the name of your organization? 

Q2: At what age do elders normally come here? 

Q3: Where do cognitive impair and/or elders preferred to live, and why? 

Q4: Why most of the cognitive impaired and/or elders preferred to live in service home? 

Q5: Do they feel difficulties while planning or scheduling daily life activities? 

Q6: Do they feel difficulties in remembering things? 

Q7: Do they forget activities in the middle? 

Q8: Do they often solve their problems themselves or get help from caregiver? 

Q9: Do they totally dependent on caregiver? 

Q10: What are the most important activities that must need a reminder system? 

Q11: What type of memory aid do they use? Like paper, cell phone, Electronic device or 

other? 

Q12: What electronic devices do they normally use in his daily life? (TV, Laptops, iPod, 

Smartphone, cell phone, PDA’s etc).  

Q13: How much they are aware of these devices? 

Q14: For what purposes they use these devices? For communication purpose, games, 

entertainment etc. 

Q15: To what extent they are aware of these electronic devices? 

Q16: Are they able to learn about the new technologies?  

Q17: Do you think smart phone will be helpful for them?  

Q18: Do you have any reminder system implemented at older houses? 

Q19: Do you think reminder system in smart phone can support them to remember/remind 

activities? 

Q20: What are your suggestion to design a user friendly and effective reminder system? 

Q21: What other information do you want to share with us regarding elders and caregiver? 
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Transcribed Interview 
Interviewee 

 

Name: Carina Vackenfeldt 
Organization: karlskrona kommun 

Designation: Care Giver 

E-mail Address: vackenfeldt@live.se 
Date: 11/03/2013 

Time: 11:00 AM to 11:45 PM 

 

The contact person for interview is “Carina Vackenfeldt”, currently working as a 

caregiver in “Karlskrona Kommun”. She is working as a care giver since 1987. 

 

Transcribed Interview 

 

In the start of the interview Carina discusses the purpose of the organization and 

how they provide help to the cognitive impaired and/or elders. She tells us that her 

organization provides help and care to those elders who prefer to live in service homes 

and also to those who want to live in their own homes. She tells us about the elders 

living in service homes that they need more care and help and that is why they 

preferred to live in care centers. 

 

According to Carina Vackenfeldt cognitive impaired and/or elders feel difficulties 

while performing their daily life activities like planning, scheduling and remembering 

things and activities of daily living. and sometimes they are totally dependent on 

caregivers. About the activities she admits that elders need reminders for every activity 

of daily living. They need assistance all day. 

 

About the technology, reminder system and care she confesses that they use 

“trygghetslarm” (Security Alarm) device, when elders need help they just press the 

button and caregivers go to their room for assistance. She further explains that elders 

are not using much of electronic devices and they are not too much familiar to these 

devices, they can use electronic devices using simple functions like calling or 

messaging. The elders normally use simple cell phones or specially designed phones 

but they do not have smart phones. The young cognitive impaired have Smartphones 

and they can do simple work on it.  

 

Carina says that elders can learn the use of these new technologies and a reminder 

system in Smartphone can provide support to them. About the application she suggests 

that elders can read text but along with the text pictures will be best for them to read 

and understand easily. She also tells us about the application that will be more suitable 

for caregiver as well because sometimes they also forget activities. She also gives us 

suggestions about including entertainment reminders in our application.  
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APPENDIX D: PROTOTYPE SOURCE CODE 
 

We have implemented an android application which is context aware reminder 

system. This application accesses calendar data (time) and Smartphone built-in tri-

axial accelerometer data to recognize an activity and generates alarm. 

The application accesses calendar data after every three minutes. The source code 

is given below. 

 
Timer t = new Timer(); 
//Set the schedule function and rate 
t.scheduleAtFixedRate(new TimerTask() { 
  @Override 
public void run() { 
   runOnUiThread(new Runnable() { 
       @Override 
       public void run() { 
       snooze=false; 
       activateAlarm=false; 
       recordData=false; 
       test(); 
       }}); 
  }},0,300000); //Execute test() after 2 minutes. 
 
//The following function will check calendar time, and Check whether to 
start alarm or not. 
public void test() 
{ 
 final ImageView img = (ImageView) findViewById(R.id.imageView1); 
 final ImageView img1 = (ImageView) findViewById(R.id.imageView2); 
 final ImageView img2 = (ImageView) findViewById(R.id.imageView3); 
 Calendar c = Calendar.getInstance(); 
 c.add(Calendar.MINUTE, 1); 
 int hours = c.get(Calendar.HOUR_OF_DAY); 
 int minutes = c.get(Calendar.MINUTE); 
 View v = null; 
 if(hours==activityTime){ 
   if(alarmOnOff==true){ 
    img.setImageResource(R.drawable.red); 
    img1.setImageResource(R.drawable.walk); 
    img2.setImageResource(R.drawable.walktext); 
    this.recordData = true; 
    img.setOnClickListener(new View.OnClickListener() { 
    void onClick(View v) { 
      img.setImageResource(R.drawable.green); 
      img1.setImageResource(R.drawable.rest); 
      img2.setImageResource(R.drawable.resttext); 
      recordData = false; 
      resetRecording(); 
      alarmOnOff=false; 
      }}); 
  } } 
 else{ 
   img1.setImageResource(R.drawable.rest); 
   alarmOnOff = true;   
   img.setOnClickListener(new View.OnClickListener() { 
     public void onClick(View v) { 
      img.setImageResource(R.drawable.green); 
      img1.setImageResource(R.drawable.rest);  
     img2.setImageResource(R.drawable.resttext); 
       }}); 
 } 
} 
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If it is the time to perform an activity (wake up) then the application accesses the 

accelerometer and records data. Source code is given below. 

 
public void onSensorChanged(SensorEvent event){ 
 if(event.sensor.getType()==Sensor.TYPE_LINEAR_ACCELERATION){ 
  aX=event.values[0]; 
  aY=event.values[1]; 
  aZ=event.values[2]; 
 if(recordData){ 
  timeSeconds.setText(sensorData.get(nrOfSensorSamples).toStringSeconds()); 
 nrOfSensorSamples++; 
 if(activateAlarm) 
  { 
   if(timeSeconds.getText()).toString().equals("3.0")) 
    { 
     this.recordData = false; 
     resetRecording(); 
     walkTime(); 
    } 
   else 
   { 
    AX.add(aX); 
    BX.add(aY); 
    CX.add(aZ);  
   } 
 } 
 else if(snooze) 
  { 
   if(timeSeconds.getText()).toString().equals("10.0")) 
    { 
     this.recordData = false; 
     resetRecording(); 
     CheckActivityAfterSnooze(); 
    } 
   else  
    { 
     AX.add(aX); 
     BX.ad(aY); 
     CX.add(aZ); 
     } 
    } 
 else  
  { 
   if(timeSeconds.getText()).toString().equals("10.0")) 
    { 
     this.recordData = false; 
     resetRecording(); 
     checkWalkActivity(); 
    } 
   else 
    { 
    AX.add(aX); 
    BX.add(aY); 
    CX.add(aZ); 
    } 
  }    
}} 

 

 Application finds mean and standard deviation from raw accelerometer data 

and decides whether to activate alarm or cancel alarm. Source code is given below. 
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public void checkWalkActivity() 
{ 
 SDev=(float) 0.0; 
 resultantMean=(float) 0.0; 
 SDacc=(float) 0.0; 
 int noOfElement = AX.size(); //to get size 
 int x=0; 
 float sumOfResultantMean=(float)0.0; 
 float temp = (float) 0.0; 
 float temp1 = (float) 0.0; 
 float average=(float) 0.0; 
 for(int i=0; i<noOfElement; i=i+9) 
   { 
     for(int j=i; j<=9; j++) 
       { 
        temp = (float) Math.sqrt((AX.get(j)*AX.get(j)) 
        +(BX.get(j)*BX.get(j))+(CX.get(j)*CX.get(j))); 
        sumOfResultantMean = sumOfResultantMean + temp; 
        ACC.add(temp); 
        } 
      resultantMean = sumOfResultantMean / 10; 
      for(int k=i; k<=9; k++) 
       { 
        temp1 = temp1+((ACC.get(k)-resultantMean) 
        *(ACC.get(k)-resultantMean)); 
       } 
     SDacc = (float) Math.sqrt(temp1/9); 
     STD.add(SDacc); 
     sumOfResultantMean=(float)0.0; 
     temp = (float) 0.0; 
     temp1 = (float) 0.0; 
   } 
  for(int i=0; i<=9; i++) 
   { 
     average=average+STD.get(i); 
   } 
   average=average/10; 
   AX.clear(); 
   BX.clear(); 
   CX.clear(); 
   STD.clear(); 
   if(average>0.1316) 
   { 
   final ImageView img = (ImageView) findViewById(R.id.imageView1); 
   final ImageView img1 = (ImageView) findViewById(R.id.imageView2); 
   final ImageView img2 = (ImageView) findViewById(R.id.imageView3); 
   img.setImageResource(R.drawable.green); 
   img1.setImageResource(R.drawable.rest); 
   img2.setImageResource(R.drawable.resttext); 
   alarmOnOff=false; 
   this.recordData=false; 
   resetRecording();  
   } 
   else 
   { 
    activateAlarm=true; 
    this.recordData=true; 
   } 
} 

 

Another purpose of our application is to send feedback to caregiver, so it counts on 

the alarm generated and if the alarm is activated more than five times then it sends an 

email message to the caregiver. The source code of sending email is given below:  
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public void sendEmail() 
    { 
    try {    
    GMailSender sender = new GMailSender("email@gmail.com", 
"password"); 
     sender.sendMail("This is Subject","This is Body",    
     "mail1@gmail.com","mail2@yahoo.com");    
     } catch (Exception e) {    
      Log.e("SendMail", e.getMessage(), e);    
     }  
    } 

 

 

 

 


