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Abstract 

Mobile computing devices, in particular smartphones are powered from 

Lithium-ion batteries, which are limited in capacity. With the increasing 

popularity of mobile systems, various text input methods have been developed 

to improve user experience and performance. Briefly, text input method is a 

user interface that can be used to compose an electronic mail, configure mobile 

Virtual Private Network, and carryout bank transactions and online purchases. 

Efficient energy management in these systems requires an extensive 

knowledge of where and how the energy is being used. 

This thesis investigates the energy consumption of text input methods on 

various smartphones. Hence, the authors modeled the energy consumption 

profile of text input methods on smartphones and analyze the energy usage 

benchmarks of the battery.  

This paper presents a systematic technique to conduct application specific 

measurements. The data analysis showed substantial variations in the energy 

consumptions of various text input methods on a smartphone. 

 

Keywords: Energy consumption, Power Monitor, Smartphones, Text input 

methods.  
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Chapter 1 

1 Introduction 

Text input technique is important to modern electronic communication; it is 

one of the means by which user data is transferred to a device. Likewise, 

operational commands are issued to micro-electronic machines through text 

input interfaces. The huge success of mobile computing and text input 

applications (e.g. text editor) on mobile phones have played a major role in the 

significance of text input technology.  The rapid development of advanced 

mobile telephony technologies such as Third Generation (3G), Long Term 

Evolution (LTE), and mobile commerce is a motivating factor in increased 

smartphone production; it has called for the design and development of text 

input technologies that would enhance users’ interaction with various services 

available on the mobile device. 

Text input method is used to accomplish a lot of services on a smartphone, 

which include typing a text message using Short Message Service (SMS), 

composing an electronic mail, typing credit card details when paying for 

services, and a lot more. Text input methods used in smartphones is called 

virtual keyboards or touchscreen keyboards or soft keyboards. These virtual 

keyboards are similar to the QWERTY keyboard, but without physical buttons. 

The operating system of various types of smartphones provides the user an 

option to choose a suitable soft keyboard, which is in the form of an 

application.  Modern smartphones comes pre-installed with lots of user 

applications that depend on the soft keyboard for their usage such as email, 

mobile social networks, SMS, text editors, mobile banking, and web browsing. 

Regular  usage of these applications, which involves indirect usage of the 

virtual keyboards has some effect on the battery-life of the smartphone, hence 

affecting user’s operational time [1]. 

Also, limited battery capacity is a factor that causes energy problem in mobile 

devices [2]. Lithium-ion batteries are commonly used to power mobile phones 

because they last longer than other battery types. These batteries can store only 

a fixed amount of energy within one charging cycle. To create more powerful 

batteries that will extend the battery-life of smartphones, the size of the battery 

has to be increased. This is problematic because the size of a smartphone 

battery is limited in general by the desire to keep the phone small. To solve this 

dilemma battery manufacturers need to implement energy saving strategies [3]. 

As the operational time of a mobile phone is an important factor in deciding 

whether to purchase a particular smartphone, the smartphone manufacturers are 

eager to find alternatives that will provide longer operational time. 

Therefore, an important part of this thesis is to analyze the energy consumption 

of text input methods on a smartphone. To do that, the authors measured the 
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energy consumptions of three different smartphones while each text input 

method is in use. The text input methods used are: SwiftKey, Swype, and 

Zimpl. The text input methods were installed as applications on the 

smartphones. The energy meter used is Power Monitor made by Monsoon 

Solutions Inc. [4]. 

1.1 Background 

In our modern society, one thing that occurs often in our daily life is textual 

information and communication, which is a process of storing information on a 

retrievable medium so that it can be retrieved later for usage. The method of 

writing has evolved from using stone and clay in the ancient era to the present 

method of handwriting. Handwriting has been consistently used over the years 

though; it is rapidly losing its importance. The trend in industries has 

transformed this usual mode of storing textual information “handwriting” to the 

use of “typewriters” which was later phased out by computers as well as 

modern communication gadgets. 

Many text input methods have been developed over the years, [5] categorized 

them into five branches, namely: Keyboards, Text recognition, Uni-strokes, 

Speech recognition, and Gesture recognition. Furthermore, keyboards are sub-

divided into Physical and Virtual keyboards. In both types, QWERTY layout 

design is predominantly used [5] and it is also the text input layout for 

typewriters [6]. QWERTY layout still remained the dominant keyboard design 

layout in our present world of digital personal computers (PCs).  To date, the 

QWERTY keyboard layout is still adopted over its closest rival, Dvorak (an 

optimized layout).  The Dvorak keyboard layout is seen to be more efficient, 

has high typing speed, and with optimized key placement that reduces finger 

movement as well as typist fatigue but it’s yet to be generally accepted. Early 

design of the QWERTY keyboard was aimed  to improve the design 

mechanism of old typewriters which presents usability issues [7]. The virtual 

keyboard displayed on a touchscreen seems to be the best choice among 

possible text input methods [8]. The layout of this virtual keyboard is not the 

same for all smartphones, but QWERTY layout is the most popular among 

them. To use the virtual keyboard, a user taps the virtual keys on a keyboard’s 

graphical user interface displayed on the mobile device screen, which require 

constant visual attention to minimize typing errors. These errors are referred to 

as noise according to Shannon’s noisy channel model for text entry [9] as 

shown in Fig. 1.1. 

Character or shape-
based input on-to a 
virtual keyboard

10101010 10111010 ?

Encoder
Noisy 

Channel
Decoder

Message

W

Code

C

Code

+

Noise

C´
Message

Ŵ

 

Fig. 1.1  Shannon’s noisy channel model and Text input. 
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Another category of text input method known as Gesture-based input method 

involves drawing geometric shapes in the form of gestures on the on-screen 

keyboard of a smartphone as a means of entering user data, this do not require 

users tapping on the alphabets. The gesture-based input concept is presently 

termed shape writing according to Mackenzie [6]. In shape-writing system, a 

graphical keyboard is displayed to the user, which is an array of characters 

arranged either in the dominant QWERTY layout or in an optimized layout. To 

use the ShapeWriter, a user traces certain letter keys to make a word with a 

stylus pen. In most cases, the user’s trace to form a word might deviate from 

the intended keys. The writer can be sloppy and miss some relevant letters in 

this process, thus producing an imperfect trace. Once the user terminates the 

shape writing process to form a word, the shape writing recognizer decodes the 

input, which is the code combined with noise, and outputs the message (the 

word). The shape-writing system then compares the formed word in the shape 

with all sokgraphs generated from a lexicon and returns the closest match. This 

shape writing method (Gesture Based) of text entry is utilized greatly in 

smartphones. Stylus pen is gradually replaced by the use of fingertips to trace 

the characters. 

Human finger has some electrostatic charges on it always; hence many 

smartphone manufacturers are now making capacitive touchscreen systems so 

that the user will take advantage of the natural electrostatic charge on their 

fingers to operate the touchscreens. The capacitive system has a layer that 

stores electrical charge of which is placed on the glass panel of the 

touchscreen. As the user touches this screen with the finger, some of the charge 

is transferred to the user as shown in Fig. 1.2. 

 

Fig. 1.2  Layout of capacitive touchscreen [10, Fig. 1]. 

Hence, the charge on the capacitive layer decreases and this decrease is 

measured in circuits located at each corner of the touchscreen. Furthermore, the 

relative differences in charge at each corner, exactly where is touched, is 

calculated by an embedded circuitry and the information is relayed to the 

touchscreen driver software. 

The importance of smartphone on-screen text input cannot be over emphasized 

for use in wide variety of services such as typing credit card details when 

paying for services from hypertext transfer protocol secure (HTTPS) enabled 

websites, typing messages on social network websites like Facebook; dialing 
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numbers on Voice over Internet Protocol (VoIP) mobile applications [11]. The 

more a user touches the smartphone screen while using the above mentioned 

services, the more the finger reduces the charge on the capacitive layer and as 

well the battery of the smartphone depletes. Several researches [12]–[16] have 

been carried out on the energy consumption of various hardware components 

and applications on mobile phones, but no evidence or reference exist for any 

study being carried out on the energy consumption of text input method. 

Hence, this motivated the authors to investigate the role of energy consumption 

of different text input methods when used with a particular application. 

1.2 Objective 

The main objective of this research is to find a systematic and measurement 

based method to evaluate the energy efficiency of the selected text input 

methods used on smartphones namely: SwiftKey, Swype, and Zimpl. They will 

be installed on three different smartphones for the purpose of the research 

work. Using suitable power measurement equipment, the energy consumption 

log files of the text input methods will be collected for each of the 

smartphones, and analyzed. In conclusion, this research introduces an 

optimized technique to carry-out application specific test on smartphones. It is 

hoped that the thesis will be beneficial to smartphone battery manufacturers 

and developers of text input techniques on how to make users’ smartphone 

battery last longer. 

1.3 Research Questions 

This research is aimed at providing answers to the following research 

questions. 

1. Does smartphone battery-life depend on the type of text input method? 

 

2. Are there significant differences in energy consumption of the text 

input methods? 

 

3. Does the energy consumption of the test input methods differ with 

respect to smartphone used? 

 

4. To what extent does usability of text input method affect the energy 

consumption of smartphones? 

1.4 Research Method 

The following steps describe the research methods which were accomplished at 

various stages in other to answer the research questions; hence fulfilling the 

objective of this research work: 

1. Literature review on text input methods, mobile phone operating 

systems, and energy consumption of mobile phones was carried 

out. 
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2. Thorough study on various energy meters was carried out. This 

really helped in selecting a suitable energy meter for the 

experiment. 

 

3. The three test smartphones were supplied by Zimpl AB, while 

Power Monitor hardware and accessories were provided by 

Blekinge Institute of Technology, the authors download the latest 

PowerTool software from Monsoon Solutions website [17], and a 

brand new personal computer was used as the workstation. 

 

4. The authors acquired the text input methods
1
 via [18]–[20] and 

installed them on the smartphones. Afterward, a test-bed was set-up 

in a laboratory at Blekinge Institute of Technology were the 

measurements were carried-out. 

 

5. Quantitative analysis of data obtained from the experiments was 

done using MATLAB, Microsoft Excel, and Analysis of variance 

(ANOVA) model. Microsoft word was used for the documentation 

and reporting. 

 

6. A user related survey which aims at investigating the effect due to 

usability of various text input methods on the energy consumption 

of smartphones was carried out. 

 

7. Conclusions were drawn based on energy consumption of the three 

touch screen keyboard technologies with respect to each of the test 

mobile phones. 

 

8. Lastly, general conclusions as well as recommendations with 

respect to the result of the analysis were provided. 

1.5 Thesis layout 

The remaining part of this document is organized as follows. 

Chapter two gives an overview on the related works carried out on energy 

consumption of smartphones as well as its measurements. Furthermore, energy 

meters that are used to perform measurements on smartphones are discussed. 

The chapter also discussed some mobile phone text input technologies, their 

unique features and mobile phone operating systems. 

Chapter three provides an understanding of the experimental setup as well as 

the tools that were used in this research. 

                                                 
1
 SwiftKey version 4.2.1.202 

  Swype version 1.5.15.19977 

  Zimpl version 2.20 
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Chapter four discusses on the result of the experiment and the analysis. 

Chapter five presents the survey results. 

Chapter six summarizes the thesis with conclusions drawn from the research 

and future work recommendation. 

Appendixes A-D provides supplementary data and information relevant to the 

thesis research. 

Reference contains the list of in-text citations used in this document. The 

Institute of Electrical and Electronics Engineers (IEEE) citation reference style 

is used throughout this research. 
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Chapter 2 

2 Literature Review 

The constant user requirement for more operational time of smartphones’ 

battery has widened research efforts to limit the energy consumption of 

smartphone applications. Recently, there have been several research efforts on 

measuring energy consumption in smartphones using different kinds of energy 

meters [21]–[24]. Also various publications with focus on the efficiency and 

usability of text input methods have appeared in the same time frame. In this 

chapter, the authors will present related work about measuring the energy 

consumptions in mobile phones. In addition, the authors will describe various 

energy meters that can be used to measure energy consumption. The authors 

will also dwell on the need for longer battery-life in smartphones and the 

technological challenges related to that. Then the chapter will conclude by 

giving a brief discussion on smartphone operating systems as well as text input 

methods for smartphones. 

2.1 Energy Consumption on Smartphones 

Smart phones have fascinating services and features that unfortunately 

consume a lot of energy, thus quickly draining the battery. In [1], a research 

was conducted on the impact of 2G and 3G network usage on mobile phone 

battery. The research conducted power and energy consumption measurements 

of voice communication, SMS, and data services on mobile phones. The 

researchers reported that there exists large energy consumption while using 3G 

networks for SMS and voice services but suggested that 3G is preferable for 

the download of large data. According to [23] in a research that measured 

energy consumption of YouTube application during video streaming, WiFi is 

more energy efficient than 3G communication technology. In [25], Heikkinen 

et al. carried out a research on consumer attitudes towards energy consumption 

of mobile phones and mobile services; the study was based on a questionnaire 

and they observed that mobile phone users are eager to know about the energy 

consumption of mobile applications and services. 

Furthermore, many researches [26]–[28] have investigated how the 

characteristics of wireless technologies affects energy consumption on mobile 

phones and suggested respective ways of reducing the energy consumption  on 

mobile phones. 

2.2 Energy Meters 

There are quite a few energy meters available for carrying out energy 

consumption measurement on mobile phones. In [1], the authors made use of 

AGILENT 66319D for the energy measurement. The device is connected to a 
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PC which runs the AGILENT 14565B device characterization software, which 

is a tool designed for the evaluation of current profiles of a portable battery 

powered device. Then the authors had connected their test mobile phone 

(Nokia N95) to the AGILENT 66319D equipment. A built-in Nokia 

application called Nokia Energy Profiler (NEP) which is compatible with 

higher models of Nokia phones is used also for the measurement [29]. It 

measures power, temperature, signal strength, and Central Processing Unit 

(CPU) usage. The authors made use of this Profiler to carry out their 

measurement and further used the AGILENT device to confirm the correctness 

of the data measured by the energy Profiler. 

In [22], an energy measurement device called Power Monitor manufactured by 

Monsoon Solutions Inc. is used in the measurement of power consumption of 

some installed applications on a smartphone. In a research conducted by 

Microsoft in partnership with academia [30], the Power Monitor is used to 

validate the result of measurements performed with an energy profiler called 

eprof in their research work. In [2], Cuervo et al developed an architecture 

aimed at reducing the energy problem for mobile devices by improving the 

energy consumption of resource intensive applications. The authors made use 

of the Power Monitor to validate their model. 

The Power Monitor samples the voltage and current drawn from the battery at 

a frequency of 5 kHz and can measure the power directly at a high sampling 

rate on any device that uses Lithium-ion battery [4]. Hence, the Power Monitor 

and the associated tools were used for this research due to its validation and 

advantageous features. 

2.2.1 Component Level 

In this technique, the power drawn by various components (e.g. Bluetooth 

module, Graphics chip, Audio codec, and CPU chipset) are measured to enable 

the researcher identify the most promising areas to focus on for further 

improvements of power management [21]. This method produces very accurate 

results; however the technique is expensive to implement due to expensive 

equipment, enormous documentation and extensive hardware setup, making the 

approach difficult in real time. 

 

Fig. 2.1  Power profiling and Battery life tests [31]. 
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2.2.2 Device Level 

In this method, average power is measured from the battery connection for 

variety of device usage. This method is relatively easier when compared with 

component level power measurement. To achieve stability and statistical 

significance, it’s necessary to repeat the tests [31]. 

In this research work, device level power measurement method is implemented 

since it affords the authors an opportunity to reliably measure the energy 

consumption of the text input methods without exhaustive tools. 

2.3 Technologies of Text Inputs 

Though text entry is not new in mobile computing, the rapid growth of SMS 

over the years has generated a substantial and commercial research interest in 

efficient text input methods for mobile computing. Mackenzie et al. suggested 

that several other reasons that have contributed to this interest are: Firstly, 

continuous rise in new application domains like mobile web, social networks, 

mobile banking, and email access, Secondly, word processors, spreadsheets, 

and other traditional desktop application are increasingly available on mobile 

platforms [32]. In [33], [34],  the researchers looked over the development of 

text input word prediction. In this method, when a user inputs fewer letters of a 

word, a list of suggested words is provided for the user. If the desired word is 

part of the list, the user can easily select it.  This reduces further completion of 

the inputted word. Butts and Cockburn presented an empirical study on multi-

press text input methods. This multi-press text input method is used in physical 

keyboards of mobile phones. A multi-press works by cycling through the 

letters on a key with each successive press in other to input a letter as used in 

mobile phones like Nokia E52 mobile phone where suppose a user wants to 

input the letter ‘ABC’, have to press the “number 2” key input button in a 2-22-

222 sequence  [33]. To evaluate text inputs, speed and accuracy are its primary 

metrics. Wobbrock, while dwelling on Measures of Text Entry Performance [6] 

considered efficiency as both a performance and characteristic measure. 

Furthermore, MacKenzie in his publication “Evaluation of Text Entry 

Techniques”, carefully underscored the interdependence of usability and 

efficiency among other relevant metrics [6]. On the usability of text input 

interfaces on smartphones, Page asserted that lack of innovative soft keyboard 

development is a major setback of smartphones [35]. Hence, irrespective of 

developments in smartphones over the years, their input method is yet to attain 

a level on par with computer keyboards. 

2.4 Touchscreen Mechanisms 

The touchscreen helps users navigate with their fingers the smartphone’s 

numerous services in an easy and ergonomic manner. In the capacitive 

touchscreen system, two layers of indium tin dioxide (ITO) electrodes are laid 

over an LCD screen. The ITO electrodes, which is electrically conductive and 

optically transparent, store charges and the thicker the thin film on which it is 

deposited on is, the larger is its conductivity. A layer of dielectric material 
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(mostly made of plastic or pyrex glass) is placed between the two layers of ITO 

electrodes. 

According to Luo et al. [10], consider the scenario shown in Fig. 1.2 (in 

Chapter 1) where a touchscreen layout with coordinate electrodes have M and 

N representing its row and column respectively. There exist MN capacitance 

sensors or nodes with a parasitic capacitance  ̅ where the M and N intersects. 

This creates an electrical field. Electrostatic charge is present in human body, 

which is a result of total deficiency or excess of electrons in a body. When a 

user’s finger touches the nodes, the portion of the electrical field is shunt to 

ground, which is equivalent to adding a capacitance    in parallel with  ̅. 
Hence the measured capacitance of the electrodes closest to the finger is 

increased. The node capacitance becomes     ̅    . Lui et al. [10] further 

described that each node on the touchscreen can be viewed as a pixel in an 

image such that    on each capacitance sensor makes up a two directional 

(2D) image of sensors. 

2.5 Smartphone Operating Systems 

Mobile operating systems are used on smartphones. These operating systems 

(OS) have quite a lot of application (e.g. SMS, email, WhatsApp, and so on) 

that runs on top of them, which are energy-hungry hence limiting user’s 

operational time. Interest of researchers has been on improvement of the 

battery-life of these devices thereby reducing this major challenge in 

smartphones. One part of this challenge is choosing energy-efficient input 

mechanisms. Some operating systems, for example Android OS, allow multiple 

keyboard layouts for a customized typing experience. Hence, users have the 

option of choosing the text input method that suits them. As a result, the 

authors used Android smartphones in this research work. There exists many 

other mobile phone OS available such as: Blackberry, Windows mobile, 

iPhone OS, Symbian, and Maemo. 

2.6 Smartphone Input Methods 

With thousands of mobile applications developed monthly and many new 

mobile application stores coming up in the light, developers work very hard to 

attract customers with creative application that offers better ergonomic. The 

alternative smartphone keyboard developers are not excluded in this 

competition. Many of these mobile applications depend on mobile phone text 

input method for their usage. As a result, various text input methods (e.g., 

Adaptxt, SlideIT, Smart Keyboard, SwiftKey, Swype, TouchPal, and Zimpl) 

have been developed to improve user experience, ergonomics and 

performance. As this research is aimed at investigating the efficiency of text 

input method on smartphones in the context of the energy consumption, 

SwiftKey, Swype, and Zimpl were selected based on consideration of several 

factors which includes: Type of input technology supported, Availability of 

free trial before buying the full license key, Number of downloads, and Users 

review rating on Google play store. Swiftkey topped the list followed by 

Swype. Hence it is reasonable to evaluate Zimpl against highly competing text 

input methods. 
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2.6.1 SwiftKey Flow 

This text input method can serve as a replacement of a user’s on-screen 

keyboard. SwiftKey Flow owners claims that it’s the world's most powerful 

gesture input technology for tracing words and phrases on a touchscreen. 

SwiftKey Flow combines the mind-reading capabilities of SwiftKey's 

personalized prediction engine with the speed and style of gliding your finger 

across the touchscreen. It analyzes a user's input from the moment the user start 

to 'flow' a word, offering real-time predictions. Users can even 'flow' entire 

phrases without lifting their finger, simply by gesturing to the space bar [18]. 

Fig. 2.2 shows the SwiftKey Flow in use. 

 

Fig. 2.2  SwiftKey Flow [41]. 

2.6.2 Swype 

According to the owners of Swype, it is a faster and easier way to input text on 

any touchscreen. With one continuous motion across the screen, Swype's 

patented technology enables users to input words faster and easier than other 

text input methods at over 40 words per minute (WPM) [36]. The application is 

designed to work across a variety of devices such as mobile phones, tablets, 

game consoles, kiosks, televisions, virtual screens, and more. Furthermore, its 

powerful smart editor examines words in sentences and makes a better 

suggestion for the word if there is need. According to the developers, the input 

method gets smarter the more it’s used by adjusting on how a user types on the 

device. Fig. 2.3 shows the Swype input method. 

 

Fig. 2.3  Swype input method [37]. 
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2.6.3 Zimpl 

This patented method of text input and the software has been under 

development for years. This input method is yet to be offered through the open 

market. According to the proprietors of Zimpl, it uses an advanced artificial 

intelligence engine that predicts what your next word will be and helps you 

complete the word you are currently typing. Its’ user interface and single slide 

motion tap and slide, probably accelerate text input as dramatically as the 

stenography accelerated handwriting way of entering most common words in 

your local language, thus makes it probably both faster and more convenient to 

use Zimpl [20] as shown in Fig. 2.4. 

 

Fig. 2.4  Zimpl tap and slide [20]. 

2.7 Quality of Experience 

According to International Telecommunication Union (ITU-T), Quality of 

experience (QoE) is “the overall acceptability of an application or service, as 

perceived subjectively by the end-user” [38]. Survey and user studies are the 

evaluation methods of quantifying subjective QoE factors [39]. The QoE 

factors referred to are psychological factors such as: ease of use, satisfaction, 

human activity, perceived quality, and so on. Through user studies, statistical 

models such as ANOVA, structured equation modeling, and so on are used in 

analyzing user perceptions that can be quantified in terms of numerical values. 

In [40], QoE was described as “the user’s perceived experience of what is 

being presented by the application layer, where the application layer acts as a 

user interface front-end that presents the overall result of the individual quality 

of experiences”. 

Text input methods are designed to be usable in other to achieve users’ need 

while interacting with smartphone developed applications that depend on it.  A 

user’s ability to complete some task with a particular text input method within 

a reasonable time has an influence on its usability. According to ISO 9241-11: 

Guidance on Usability (1998); usability is defined as the extent to which a 

product can be used by specified users to achieve specified goals with 
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effectiveness, efficiency and satisfaction in a specified context of use [41]. A 

survey conducted in this research as discussed in Chapter 5 explains the 

perceptions of users while using their smartphone text input method. A higher 

level of QoE can be achieved by designing an energy efficient text input 

methods that also satisfies users’ ergonomic requirements. 
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Chapter 3 

3 Implementation 

This chapter provides an overview of how the authors measured the energy 

consumptions of text input techniques on a smartphone. Brief, but sufficient 

information about the measurement equipment, generated log files, and 

MATLAB codes used in extracting data from the log files are also provided. 

3.1 Measurement Set-up 

A small network was set-up in a laboratory at Blekinge Institute of Technology 

as shown in Fig. 3.1. The dedicated workstation is connected to the Power 

Monitor using one meter long USB 2.0 Type A/B cable that provides half-

duplex signaling bit rate up to 480 Mbps on the link. A pair of test leads 

connects the Power Monitor to the smartphone. The user is responsible for 

entering user data into the Smartphone during operation in active mode. 

User

Power monitor hardware

Dedicated workstation

Smartphone

 

Fig. 3.1  Measurement set-up overview. 

The dedicated workstation used for the research is HP ENVY m6-1105 

Notebook PC equipped with Intel® Core™ i5 2.5 GHz processor architecture, 

8GB SO-DIMM DDR3 SDRAM, 500GB hard disk, running Microsoft 

Windows 8 64-bit OS, Super-Speed USB 3.0 and IEEE 802.11b/g/n WLAN 

support, and powered by a 6 cell Lithium-ion battery. The Power Monitor 

hardware and PowerTool software, which is installed on the workstation, are 

used for the data acquisitions. The Power Monitor hardware is depicted among 

Laboratory pictures in Appendix B.1. Three smartphones running Android OS
2
 

were used inter-changeably in the experiment; the smartphones are Samsung 

Galaxy S3 4G model, HTC Desire, and Samsung Galaxy Nexus I9250 model. 

Technical specifications of the test smartphones can be seen in Appendix C. 

                                                 
2
 The three text input methods used in this research are mainly available on Android OS 

platform. Other smartphone OS do not provide support for all the three text input methods at 

the date the experiment was conducted. 
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3.2 Control Protocol and Power Monitor Data 

The PowerTool software communicates with the Power Monitor hardware via 

a USB cable. On a USB link, the Host Controller initiates all data transfers; 

hence the workstation controls the operation of the Power Monitor. The 

workstation issues commands and the Power Monitor responds to the 

commands by completing the operation and sending back a status packet 

referred to as the “token packet”. The status packet contains the overall current 

state of the device, with the exception of sampling data. When sampling, the 

PowerTool sends a Start packet to the Power Monitor, which then sends 

sample packets continuously back to the PowerTool. To stop sampling, the 

PowerTool sends a Stop packet; Power Monitor stops sampling and responds 

with a status packet. The sampled data are transitional current and voltage 

changes in the application circuitry of the smartphone, which are encoded into 

binary bits and transmitted to the Power Monitor through the negative terminal 

(black colour) of the test lead. Note that positive current and voltage are 

applied to the smartphone through the test leads’ positive terminal (red colour). 

3.3 Battery By-pass Modification and Testing 

To isolate the voltage (+) terminal from ground connection, the authors applied 

aluminum insulating tape over the battery's voltage (+) terminal as shown in 

Fig. 3.2 below. Next, the authors carefully inserted the battery into the battery’s 

slot by inserting the red (+) and black (-) test leads in-between the contact 

terminals on the smartphone and the battery terminals as shown in Fig. 3.3 

below. This enabled the Power Monitor to supply the desired positive voltage 

directly to smartphone’s positive terminal, while the typical voltage from the 

battery’s positive terminal is by-passed due to the insulation. The circuit is 

completed by connecting directly to the Ground (-) terminal on the battery. The 

authors tested the connections by trying to power-up the smartphone (without 

any power supply from the Power Monitor). In this situation, the device should 

not power-up because the battery voltage has been isolated. If the device 

powers-up, then the experimenter must re-assess the connections and the 

insulating tape to be sure the proper procedure has been followed. If the 

smartphone does not power-up, then the connections are correct and the phone 

is considered ready for measurements. 

 

Fig. 3.2  Insulated positive (+) 

terminal of smartphone battery. 

 

 

Fig. 3.3  By-passing the 

positive terminal. 
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3.4 Power Monitor and PowerTool software 

The Power Monitor hardware and PowerTool software are essential data 

acquisition tools that can be used to measure and analyze the power profile of 

portable devices that use lithium-ion battery such as smartphones and USB 

devices. The mobile device Power Monitor hardware provides reliable 

performance metrics of the device under test due to the high data sampling 

frequency of 5 kHz. The sampling frequency is fixed by the manufacturer and 

cannot be changed [42]. 

The Power Monitor has three channels, which are the Main channel (used to 

measure the power of devices powered by lithium-ion battery), USB channel 

(for measuring the power of USB peripherals), and Auxiliary channel 

(Experimental only – Not fully functional). 

3.4.1 Power-up a Smartphone using PowerTool software 

After setting-up the right physical testing environment, the authors ran the 

PowerTool software (PowerTool.exe) on the workstation. The software 

initializes the Power Monitor, and displays the GUI of PowerTool software. 

The Main channel of the Power Monitor has been used for this experiment. 

From the GUI as shown in Fig. 3.4 below, the Main radio button and checkbox 

were selected first; thereafter the battery voltage and capacity were set using 

Set Vout and Set Batt Size command buttons. To power-up the smartphone for 

testing, the Vout Enable command button must be clicked. This is a toggle 

button. 

 

Fig. 3.4  GUI of PowerTool software. 
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3.4.2 Statistics and other Settings 

The CAPTURE STATS area of the GUI displays the Time, Samples, Consumed 

energy, Average power, Average current, Average voltage, and Expected 

battery-life of the smartphone. Set Capture Triggers enables the experimenter 

to set the data capturing to stop manually or automatically after a pre-set time. 

It also provides the file export format settings for the captured data. 

3.4.3 Data Sampling 

To initiate data sampling, the RUN toggle command button shown in Fig. 3.4 

above must be clicked. To stop sampling, the STOP button must be clicked. 

3.5 Modeling Energy consumption profile of Text input 

methods on Smartphones 

To investigate the baseline energy consumption of the selected text input 

methods, the authors defined two usage profiles, idle mode and active mode, 

which will be explained shortly. Since the Power Monitor can measure the 

average power and time; average energy can be calculated from the product of 

average power and time. The Short Message Service
3
 (SMS) application served 

as the local text editor for each text input method during the experiment. The 

motivation for choosing local text editor is because it provides a baseline 

measurement of energy consumption due to text input alone without 

interference from the GSM, 3G or 4G network stack. 

3.5.1 Power measurement precautions 

The following precautions were followed in order to avoid measurement errors: 

 Wait for at least 3 minutes after the smartphone is switched-on before 

taking any measurement. This enables background Android OS startup 

applications to stabilize. 

 

 Turn off all network accessing features example WiFi and GPS. It is 

recommended to switch-on the Airplane mode. Remove the SIM card 

from each smartphone to avoid power usage interference due to radio 

network access. 

 

 Disable automatic display mode to avoid variations in the screen power 

usage that could affect the measurements. 

 

 Put the display to max hold time (i.e., 10 or 30 minutes) to avoid 

sudden sleep mode that could affect the measurements values. 

 

                                                 
3
 SMS is part of core Android OS application. 
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 All measurements should be taken by holding or keeping the 

smartphones in the same orientation (i.e., portrait mode or landscape 

mode). Different orientation gives different power consumptions, due to 

the G-Sensor feature in smartphones. 

 

 Complete all measurements on a smartphone before starting 

measurements on another smartphone. 

 

 Disable ambient sensors to enable uniform LCD light and prevent LCD 

automatic adjustment due to slight changes in room light conditions. 

3.5.2 Idle mode 

In this experiment, idle mode means that the test smartphone is fully awake, 

running all other core Android OS applications in the background except the 

SMS application on top of which the selected text input method application 

runs as an overlay application
4
, no user data input to the smartphone occurs, 

and finally the smartphone is not accessing radio network services. 

To measure the power consumption in idle mode, a pre-set stop time of 30 

seconds was set through the PowerTool GUI Set Capture Triggers. Next, the 

authors verified that the set-up is okay and ran the first idle mode trial. 

Afterward, the authors exported the captured data to Comma-Separated Values 

(CSV) file format to a folder on the workstation; this enables the log file to be 

analyzed on MATLAB. 

Thereafter, MATLAB Function Code in Appendix B.4 is used to evaluate the 

average power. The authors ran 40 micro-benchmarks for each text input 

method on the three smartphones, which corresponds to a total of 120 trials for 

each of the three text input method. This is designed to independently 

characterize the power usage pattern of each text input method. Fig. 3.5 below 

shows the screenshot of the typical idle mode power consumption profile of a 

test smartphone, while a text input method is in use. Table B.1 contains the 

complete idle mode power measurement values for the test smartphones and 

the corresponding text input method. 

                                                 
4
 Virtual keyboard applications (eg., SwiftKey, Swype, and Zimpl text input methods) run on 

smartphones as an overlay application. 
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Fig. 3.5  Typical Idle mode power consumption profile. 

3.5.3 Active mode 

Active mode has similar requirements as in idle mode, but there is a user data 

input to each test smartphone through the virtual keyboard on the touchscreen.  

The evaluation task 

The user data is a well-known phrase “The quick brown fox jumps over the lazy 

dog”. The phrase has a character length of 43, which is the maximum length 

recommended for text input system evaluation and also includes every letter of 

English alphabet. Further, the preferred procedure used in related research is to 

present participants with pre-selected phrase, similar to the one the authors 

used, in order to improve internal validity [43]. 

Participants 

One of the authors
5
 served as the test participant and entered the phrase-set to 

the test smartphone, while the other author clicked RUN button on the 

PowerTool GUI. The authors were preferred as test participants because there 

are not sufficient resources and time to recruit and train external test 

participants since the experiments are strictly controlled. The authors ran 40 

macro-benchmarks in active mode for each text input method on the three 

smartphones, which corresponds to a total of 120 trials for each of the three 

                                                 
5
 The authors are experienced users of the three text input methods. 
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text input method to account for random variability in the results and improve 

the validity. This approach is supported by [44, p. 14]. 

Measurement procedure 

The objective of power consumption measurement in active mode is to analyze 

the effect of the phrase-set on the eventual energy consumption of the text 

input methods. To begin, the authors verified that the set-up is okay and then 

pre-seted a stop time of 30 seconds through the PowerTool GUI Set Capture 

Triggers. Next, the authors clicked the RUN button and waited for about 2–5 

seconds (s) before entering the phrase-set. The reason for waiting is to allow 

the PowerTool to refresh its GUI. Another reason is to be sure that the idle 

mode capturing has started before entering the phrase-set. 

Notice in Fig. 3.6 below that as soon as the user enters the phrase-set, the 

power consumption of the smartphone rises rapidly. After the user completes 

the phrase-set, the power consumption falls sharply back to the level observed 

in idle mode capturing. The authors monitored the counter for dropped samples 

and dropped connections to be sure no data packet is lost. If lost samples or 

connections occurred the measurement was restarted. Next, the authors 

exported the captured data to CSV file format to a folder on the workstation. 

Fig. 3.6 below shows the screenshot of active mode power consumption profile 

of Swype on HTC Desire. Table B.2, Table B.3, and Table B.4 in Appendix 

B.3 show the average power consumptions and time elapsed during data 

acquisition measurements on the smartphones, while each text input method is 

activated and used. 

 

Fig. 3.6  Typical active mode power consumption profile. 
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3.6 Data Collection 

The log files generated by the PowerTool and Power Monitor during the 

experiments are very large because of the 5 kHz sampling frequency. Since 

each trial run lasted for 30s, this means the log file for each trial contains over 

150,000 samples; hence the log files cannot be analyzed manually. Observe the 

samples size, by looking at Samples in Fig. 3.5 and Fig. 3.6 above. 

Referring to Fig. 3.6, it can be seen that idle mode capturing takes place from 

0s to 2.045s, while the active mode capturing interval is from 2.045s to 

20.008s. The remaining part of idle mode capturing lasted from 20.008s to 30s. 

The red and blue markers have been used to highlight the concept; the effective 

time (Delta as on the GUI) that the user used in entering the phrase-set is now 

17.98s (i.e., 20.008s - 2.045s) instead of 30s. The effective average power 

consumed during the 17.98s interval (i.e., during the effective time) is 

1006.2mW (measured using MATLAB) instead of 867.44mW
6
 which accounts 

for the whole 30s duration. 

The MATLAB Function Code available in Appendix B.4 was developed to 

analyze the log files and plot high-resolution instantaneous power profiles. To 

calculate the effective average power and time used in the active mode, the 

authors started by zooming the PowerTool GUI graph via the GRAPH SCALE 

to see clearly the Delta Start and Stop points for the time. Next, the authors 

verified the measurement using the high-resolution MATLAB graph. 

Afterwards the Delta Start time, Delta Stop time, and log file filenames were 

used as input to the MATLAB function code to measure the effective average 

power and time in active mode. The extracted data are available in the tables in 

Appendix B.3. 

Microsoft Excel was used to calculate the Standard deviations and the 

confidence intervals at 95% Confidence level. Analysis of variance (ANOVA) 

tests were done on Microsoft Excel. The graphs and tables were plotted on 

MATLAB and Microsoft Excel. The block diagrams were designed on 

Microsoft Visio, while Snipping tool in Windows 8 was used to crop all the 

referenced figures. 

3.7 Safety Recommendation 

In this empirical research, the authors have described the experimental set-up, 

tools and procedure with sufficient detail to enable another researcher to repeat 

the experiment, to validate or repudiate results. However, the authors wish to 

emphasize that the battery by-pass connection shown in Fig. 3.3 was modified 

to suite the experiment. Hence, to avoid any risk of danger, personal injury or 

damage to equipment, the authors recommends to any reader intending to 

repeat this experiment to consult Power Monitor manual available at [17], [42].  

                                                 
6
 867.44mW is less than 1006.2mW because the two components of the idle mode power 

present during in the active mode have been treated as unwanted signal (noise). This correlates 

to the Shannon’s model discussed in Chapter 1. 
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Chapter 4 

4 Results and Discussion 

Analyses of the data collected from the experiments are presented in this 

section. Statistical measures such as average, standard deviation, confidence 

interval, and ANOVA tests were applied to the extracted data to check the 

validity. Graphs and tables were plotted to compare the results. 

4.1 Analysis of Energy 

Energy is a measure of the ability of a system to do work or produce a change; 

the standardized unit is in Joules (J). There are various types of energy. 

However the analysis in this section is focused on electrical energy (i.e., energy 

associated with electric charge). 

As mentioned in the implementation section, the log files are too huge for 

manual evaluation. Instead, the Start time, Stop time, and Filename are passed 

to the MATLAB function code that computes the effective average power and 

time in active mode from the samples in the log file. Energy is then computed 

as follows. 

The energy of the ith measurement is defined as: 

 
    

  
 

∑   

 

    

 (4.1) 

where, Pe = P1 + P2 + ∙ ∙ ∙ + Pn-1 + Pn 

Pn = Instantaneous power consumed by nth sample. 

n   = Number of sampled data over certain time. 

Te   = Time range over which energy need to be measured. 

     = Tstop – Tstart 

The average and standard deviation of a metric are respectively defined as: 
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where, N is the number of measurement trials,      is the ith value of the 

measured metric (power, energy or time) j, during measurement mode  . 

The International Telecommunication Union Radiocommunication Sector 

(ITU-R) Report M.2135-1 on the Guidelines for evaluation of radio interface 

technologies for IMT-Advanced recommends the reporting of experimental 

data together with the average values and the related confidence interval. 

The confidence interval and the associated confidence level indicate the 

reliability of the estimated parameter value. The confidence level is the 

certainty (probability) that the true parameter value is within the 

confidence interval. The higher the confidence level the larger the 

confidence interval [45]. 

ITU-R Recommendation BT.500-11 suggested 95% confidence interval [46]. 

The upper and lower portions of confidence interval around the mean are 

defined as: 

 ( ̅        ̅      ) (4.4) 

where,                                     
   

√ 
 (4.5) 

Equation (4.3) is used to calculate    . 

4.1.1 Energy consumption profile: Idle mode 

Fig. 4.1 below shows the characteristic power
7
 consumption profile of the text 

input methods on each test smartphone in idle mode. It can be inferred from 

Fig. 4.1 that Samsung Galaxy S3, HTC Desire, and Samsung Galaxy Nexus 

have different idle mode power usage; the reason is due to the different 

specifications of the smartphones. However, the individual average energy 

consumptions of SwiftKey, Swype, and Zimpl are shown in Fig. 4.2 below. 

                                                 
7
 Power consumption profile is shown because the log files contains the power and time data. 
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Fig. 4.1  Typical idle mode Power 

consumption profiles. 

 

 

Fig. 4.2  Idle mode average Energy 

consumption profiles. 

To calculate the average energy in idle mode, the authors constrained the 

effective idle mode run time to be equal to the average of the effective time, 

 ̅         (see Appendix B.3) in active mode, for each of the forty iterations. 

This approach was warranted because the idle mode average power remained 

almost constant from 0s to 30s run time, so it’s expected to produce the same 

average power even if the run lasted for 18s (see the trends in Fig. 3.5, Fig. 4.1, 

and Table B.1). For example,  ̅         for Swypeactive in Table B.2 is 16.05s, 

which is then used to multiply the forty power values for Swypeidle on Samsung 

Galaxy S3 column shown in Table B.1. This approach normalizes the time 

component variations in the idle mode energy, since the effective time to 

complete the phrase-set is determined from active mode. 

Equation (4.1) is used to calculate the idle mode average energy consumption 

for 40 trials. Table 4.1 below shows average energy consumption, standard 

deviation, and 95% confidence interval in idle mode. 

Table 4.1  Energy consumption measurements: Idle mode. 

 Samsung Galaxy S3 HTC Desire Samsung Galaxy Nexus 

SwiftKey Swype Zimpl SwiftKey Swype Zimpl SwiftKey Swype Zimpl 

 ̅       (J) 10.90 9.53 12.26 12.44 13.68 15.55 12.58 13.44 19.22 

        0.21 0.14 0.20 0.04 0.24 0.04 0.08 0.09 0.31 

95% CI ±0.06 ±0.04 ±0.06 ±0.01 ±0.08 ±0.01 ±0.02 ±0.03 ±0.10 
 

It can be inferred from Fig. 4.2 above that the text input methods have different 

average energy usage on a particular test smartphone, with the minimum value 

occurring on Samsung Galaxy S3. However the average idle mode energy 

usage increased respectively on the three smartphones; Fig. 4.1 above shows 

similar trend. The reasons for the variations are due to the characteristic 

properties of the text input methods, the smartphone specifications, different 

versions of Android OS, and core applications running in the background. 

Nevertheless, the data from this experiment as can be seen in Fig. 4.2 above 

suggests that Zimpl consumes more in idle mode. 
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4.1.2 Energy consumption profile: Active mode 

The average energy,  ̅         calculated from the forty measurement iterations 

on each text input method is shown together with the standard deviation, 

         , and 95% confidence interval in Table 4.2. The characteristic active 

mode power consumption profiles of the Text input methods are illustrated in 

Fig. 4.3 below. 

Table 4.2  Energy consumption measurements: Active mode. 

 Samsung Galaxy S3 HTC Desire Samsung Galaxy Nexus 

SwiftKey Swype Zimpl SwiftKey Swype Zimpl SwiftKey Swype Zimpl 

 ̅         (J) 20.20 18.63 16.41 21.00 20.42 19.57 22.93 25.25 23.23 

          2.16 1.97 1.77 2.96 3.07 1.80 1.96 3.38 2.25 

95% CI ±0.67 ±0.61 ±0.55 ±0.92 ±0.95 ±0.56 ±0.61 ±1.05 ±0.70 
 

From the PowerTool GUI CAPTURE STATS and verification done on 

MATLAB, it can be emphasized using Fig. 4.3 below that the effective active 

mode time intervals in seconds in this case are 3.52–21.55, 2.39–17.49, and 

2.54–22.24 for SwiftKey, Swype, and Zimpl respectively. The intervals outside 

the effective time range are treated as outliers. 

Subsequently, the effective active mode energy consumption for 40 trials is 

calculated with Equation (4.1). 

 

Fig. 4.3  Typical active mode Power 

consumption profiles. 

 

 

Fig. 4.4  Active mode average Energy 

consumption profiles. 

The active mode average energy consumption is plotted in Fig. 4.4 for the three 

text input methods. As a recap, energy in active mode represents the idle mode 

energy consumption quantified in the previous section plus the additional 

energy due to user entering text. One method to compare the idle and active 

modes values is to compute the relative changes expressed in percentages. 

Hence, the authors define Percentage change as: 

    ( ̅          ̅      )  
                 

 ̅      
     (4.6) 
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where,  ̅       is the reference parameter and      ̅          ̅      . 

The values in Table 4.3 below were computed using Equation (4.6). According 

to Table 4.3 there is huge rise in average energy consumption between the 

corresponding idle and active modes of SwiftKey and Swype, while Zimpl’s 

average energy increase is relatively small. An easier approach to interpret the 

values in Table 4.3 is by taking one text input method as an example; Swype 

(95% energy rise) in Samsung Galaxy S3 means almost double of idle mode 

energy consumed in active mode. 

Table 4.3  Percentage rise in average energy from idle to active mode. 

 Samsung Galaxy S3 HTC Desire Samsung Galaxy Nexus 

SwiftKey Swype Zimpl SwiftKey Swype Zimpl SwiftKey Swype Zimpl 

Energy rise 85% 95% 34% 69% 49% 26% 82% 88% 21% 
 

The concept of electrostatic electricity will be used to explain the variations in 

the corresponding average energy. It was mentioned in Chapters 1.1 and 2.4 

that an electrostatic charge on capacitive touchscreen reduces when human 

finger touches the surface, due to the inherent electrostatic charges on human 

body. This results in a distortion of the touchscreen’s electrostatic field, 

measurable as a change in capacitance from which energy is computed. 

Since SwiftKey and Swype use gesture based algorithm (encoding text with 

geometric shapes [6]) in their text input methods, this causes the touchscreen to 

consume more energy throughout the duration of gesturing on the touchscreen. 

The effect of this phenomenon is noticeable when comparing Fig. 3.5 (in 

Chapter 3) and Fig. 4.3 above. However, Zimpl uses tap and slide method for 

their text input method. Tap and slide literally means minimum touch and 

minimum slide. The effect of this technique is reduced duration of finger touch 

on the touchscreen, which consumes less energy due to the capacitive 

phenomenon. 

4.2 Energy consumption model of Text input methods  

The baseline average energy consumption is the arithmetic difference of the 

corresponding active mode and idle mode averages as shown in Table 4.1 and 

Table 4.2 above. However, subtraction of standard deviation is treated 

differently. Assuming that the data measured from the experiments are 

independent random variables; the new average and standard deviation are 

respectively defined as: 

  ̅      ̅           ̅       (4.7) 
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) (4.8) 
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The modeled average energy consumption profiles of the text input methods 

together with the composite standard deviation and 95% confidence interval 

are shown in Table 4.4. 

Table 4.4  Modeled average energy consumption profiles. 

 Samsung Galaxy S3 HTC Desire Samsung Galaxy Nexus 

SwiftKey Swype Zimpl SwiftKey Swype Zimpl SwiftKey Swype Zimpl 

 ̅    (J) 9.31 9.10 4.15 8.57 6.74 4.02 10.35 11.81 4.01 

     0.34 0.31 0.28 0.47 0.49 0.28 0.31 0.53 0.36 

95% CI ±0.11 ±0.10 ±0.09 ±0.14 ±0.15 ±0.09 ±0.10 ±0.17 ±0.11 
 

The plot of the modeled average energy consumption profiles of the text input 

methods is shown in Fig. 4.5. 

 

Fig. 4.5  Modeled average energy consumption profiles. 

4.3 Testing Energy variations with ANOVA 

Analysis of variance (ANOVA) is an analysis model used to investigate the 

variations present in two or more group means (averages) from an experiment. 

It is a test of the hypothesis, that the variation in an experiment is not greater 

than the normal variation due to each entity’s characteristics and error in the 

measurement. 

Basically, ANOVA attempts to determine if the group means are significantly 

different from each other, which are to say that they belong to distinct groups. 

It does this by taking into consideration the variability of the data points 

(measured data) in each group. An alternative analysis tool, the Student’s t-test 

is a statistical test that is used to determine if there is a significant difference 

between the means in two groups. However, Student’s t-test is not suitable for 

analyzing more than two group means due to Type I error (rejection of the null 

hypothesis when it is true [47]). 

ANOVA will be used to test the significance of the variations in the average 

energy of the three text input methods on each smartphone. This is because 

there are three group means from the measured energy data of the three text 

input methods. 
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Assumptions in ANOVA: 

 The measured data in each group is normally or approximately 

normally distributed. 

 Measured data is independent of other sample measurements. 

 Equality or homogeneity of variance of data in each group. 

 The groups must have the same sample size – in ANOVA Two-factor. 

Hence, the hypotheses are: 

      ̅            ̅         ̅        (4.9) 

      ̅            ̅         ̅        (4.10) 

where,    is the null hypothesis,    is the alternative hypothesis,   ̅           , 

 ̅       , and   ̅        denote the mean of  the energy measurements of 

SwiftKey, Swype, and Zimpl respectively on  smartphone  . If    is true, then 

there is no difference between the energy means of the text input methods. 

Precisely, this implies that there is no difference in conducting the experiment 

on the three text input methods, since all of them will have same average 

energy consumptions on the same smartphone. However, if    is false, then the 

alternative hypothesis is accepted, which indicates there is a significant 

difference among the means. 

The test needs the calculation of the following parameters
8
: 

   is the sum of squares total, the variation without finding the average of 

the squared deviations. 

   is the total degrees of freedom, usually    , in this case is 39. 

   is the total mean square,                         . 

  is the ratio of the two variances i.e., 
            

       
 or 

                  

                    
 . 

        is used to verify the probability that a test statistic is significantly 

different from the null hypothesis. 

          is a number that must be exceeded to reject the null hypothesis. It 

is calculated from the F-distribution table using the individual degrees of 

freedom at a certain significance level,  . In this case,       . 

If               failed to reject   . 

If               reject    and accept   . 

                                                 
8
 Detailed formulae and calculations on ANOVA are lengthy and are outside the scope of this 

thesis; hence the authors will report the main parameters. For detailed ANOVA formulae and 

calculations, the reader is encouraged to consult a suitable statistical text-book. 
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Table 4.5  ANOVA: One-factor results of idle mode energy analysis. 

Smartphone             Results 

Samsung Galaxy S3 2183.34 3.07 Reject   , accept     

HTC Desire 4647.32 3.07 Reject    , accept    

Samsung Galaxy Nexus 13990.25 3.07 Reject    , accept    
 

Table 4.5 shows the summarized results of the average energy variations 

analysis for the three text input methods on a particular smartphone using 

ANOVA with a single factor. The reason for using ANOVA with a single 

factor is because only the “Energy” factor is analyzed since there is no user 

input in idle mode. Notice, the two decision parameters F and Fcritical are 

shown, while other parameters have been omitted for clarity. All results 

suggest that there is significant difference in the average energy consumptions 

of the three text input methods on a particular smartphone. 

Table 4.6 shows the results of average energy variations of the text input 

methods in active mode. Reason for choosing ANOVA two-factors is due the 

presence of another independent variable factor, “the user”. The two sources of 

variance (S. Variance) are now due to the text input methods (Methods) and 

User. Note, User and Methods are the row and column treatments respectively. 

To account for the variations due to the User, new hypothesis are stated as: 

  
 : Methods have no significant effect on the average energy consumed. 

  
 : Methods have significant effect on the average energy consumed. 

  
 : Variations due to the User have no significant effect on the average 

energy consumed by the text input methods. 

  
 : Variations due to the User have significant effect on the average 

energy consumed by the text input methods. 

Table 4.6  ANOVA: Two-factor without replication results of active mode energy. 

Smartphone S. Variance             Results 

Samsung Galaxy S3 
User 0.55 1.55 Fail to reject   

  

Methods 31.88 3.11 Reject   
 , accept   

  

HTC Desire 
User 0.83 1.55 Fail to reject   

  

Methods 2.75 3.11 Fail to reject   
  

Samsung Galaxy Nexus 
User 1.26 1.55 Fail to reject   

   

Methods 10.24 3.11 Reject   
 , accept   

  
 

According to the results in Table 4.6, the variations due to the User had no 

significant impact on the energy measurements in active mode. Observe that 

the Methods had significant effect when used on Samsung Galaxy S3 and 

Samsung Galaxy Nexus, but the effects are not significant on HTC Desire. 
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Before making conclusions here, the authors will test the overall 360 (i.e 120 

trials per smartphone multiply by the three smartphones) active mode energy 

measurements using an ANOVA Two-factor with replication. 

ANOVA Two-factor with replication considers source of variations from three 

independent factors (User,  ; Methods,  ; Interaction,   between User and 

Methods). Also, the User in this case repeats the trials a number of times. To 

achieve this requirement, the authors arranged the all 360 active mode 

experiment data into one table so that the measurements on the three texts input 

methods for a particular smartphone is considered as the first repetition, the 

measurements on the second and third smartphones are considered second and 

third repetitions respectively. These three repetitions are then group as one trial 

(Trial1) and so on. The effect is having only one table for all the data instead of 

grouping data by Smartphone as in the previous ANOVA tests above. Table 

B.5 in Appendix B shows the ANOVA Two-factor with replication data table. 

Table 4.7 shows the summarized result of ANOVA Two-factor with replication. 

The results strongly suggests that variations due to the User had no significant 

effect on the energy measurements, Methods had significant effect on the 

energy consumptions, and finally the Interaction of User and the Methods had 

no significant effect on the energy measurements. 

Table 4.7  ANOVA: Two-factor with replication analysis of active mode energy. 

Source of Variation F           P-value Results 

User 0.38 1.45 0.9997 Fail to reject   
  

Methods 7.76 3.03 0.0005 Reject   
 , accept   

  

Interaction 0.40 1.34 0.9999 Fail to reject    
  

 

Finally, a test of ANOVA two-factors without replication is conducted on the 

modeled average energy consumption of the text input methods presented in 

Table 4.4 above. The result of the test is shown in Table 4.8 below, which 

illustrates that the variations in average energy consumptions of the Methods 

are statistically significant. Hence, the authors can conclude that the average 

energy consumption of the text input method varies significantly with respect 

to the smartphone’s model. 

Table 4.8  ANOVA: Two-factor without replication results of modeled energy usage. 

Source of Variation F           P-value Results 

User 2.34 6.94 0.21 Fail to reject   
  

Methods 16.53 6.94 0.01 Reject   
 , accept   
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4.4 Battery-life Estimation 

Battery-life
9
 refers to the length of time a rechargeable battery can deliver 

power to a device (e.g., smartphone) on a single charge. It is a measure of 

battery performance, which can be quantified as runtime in hours or as capacity 

usually estimated in Ampere-hours by the manufacturer. Actual battery-life 

varies due to several factors such as: usage pattern, cellular network 

configuration, features and settings, and high temperatures [48]. 

Researchers have developed several computational models to predict battery 

performance. These include Empirical models (e.g., Peukert’s law and Weibull 

fit models), Abstract models (e.g., Discrete-time, and Stochastic models), and 

Mixed models (e.g., Rakhmatov et al. analytical high-level model) [49]. 

Peukert’s law will be used in this research to estimate the battery-life of the test 

smartphones because the required parameters needed for computation have 

been determined through empirical approach. Other models use up to fifty 

parameters and constants, which are not available to the authors. 

The battery-life under a constant current can be predicted based on Peukert’s 

law expressed as follows [48]–[50]: 

       (4.11) 

where,   is the rated battery capacity
10

 in Ampere-hours (A·h),   is the 

discharge current in Amperes (A),   is Peukert’s coefficient (usually 1.01–1.06 

[50] for lithium-ion battery type). For an ideal battery,   would equal to one. 

Finally,   is the estimated discharge time (battery-life) in hours (h). 

Since power is the product of voltage and current. Thus, substituting  
 

 
 for   in 

(4.11), Peukert’s law can be re-written as: 

    (
 

 
)
 

 (4.12) 

where,   is the voltage rating in volts (V) and   is the average power in watts 

(W) measured in the experiment. Normally,   and   are ratings marked on the 

battery by the manufacturer. Table C.6-Table C.8 in Appendix C shows the 

battery ratings for the test smartphones. While Table B.1-Table B.4 in Appendix 

B show the average power values. Through experiment, [48] determined the 

Peukert’s coefficient   to be 1.013 for lithium-ion batteries. 

                                                 
9
 Should not be confused with “battery-lifetime”, which is the number of charge/discharge 

cycles until the end of the battery’s useful life. 
10

 Battery capacity is the amount of electric charge it can deliver at the rated voltage. 
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Table 4.9-Table 4.10 shows the effect of average power consumption on 

battery-life of the test smartphones based on Peukert’s law. It can be inferred 

that the battery-life is inversely and exponentially proportional to the average 

power consumption of the smartphones due to different text input methods. 

Table 4.9  Effect of average power on battery-life in idle mode. 

 Samsung Galaxy S3 HTC Desire Samsung Galaxy Nexus 

SwiftKey Swype Zimpl SwiftKey Swype Zimpl SwiftKey Swype Zimpl 

 ̅     (W) 0.61 0.59 0.63 0.65 0.66 0.70 0.93 0.93 0.96 

  (A·h) 2.10 2.10 2.10 1.40 1.40 1.40 1.75 1.75 1.75 

  (Volts) 3.80 3.80 3.80 3.70 3.70 3.70 3.70 3.70 3.70 

  1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

  (hours) 13.41 13.77 12.89 8.18 8.06 7.52 7.09 7.12 6.86 
 

 

Table 4.10  Effect of average power on battery-life in active mode. 

 Samsung Galaxy S3 HTC Desire Samsung Galaxy Nexus 

SwiftKey Swype Zimpl SwiftKey Swype Zimpl SwiftKey Swype Zimpl 

 ̅       (W) 1.14 1.17 0.85 1.10 0.99 0.89 1.70 1.75 1.16 

  (A·h) 2.10 2.10 2.10 1.40 1.40 1.40 1.75 1.75 1.75 

  (Volts) 3.80 3.80 3.80 3.70 3.70 3.70 3.70 3.70 3.70 

  1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

  (hours) 7.13 6.94 9.59 4.79 5.34 5.95 3.85 3.74 5.66 
 

4.5 Validity of Results 

As a general idea, a model of average energy consumption of text input 

methods has been proposed, which swayed the authors to infer that there exists 

significant differences in energy resource utilization on smartphones when 

each of the methods are used. 

The results of this experiment are valid on the assumption that the effective 

idle mode time is determined from the effective active mode time as 

exemplified in Chapter 4.1.1. However, the results may be less accurate if the 

average energy consumptions in idle mode vary greatly. 

For a variable current, the Peukert’s law relationship does not adequately 

represent the battery discharge conditions. Hence the battery-life estimation is 

valid if current delivery is assumed to be constant. 
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Chapter 5 

5 Survey Results 

A web-based survey was conducted on www.surveymonkey.com with 309 

participants in the age group of 18–50. The participants comprises of home-

based and foreign students from various countries studying at Blekinge 

Institute of Technology, Sweden. Among the respondents, 213 are male, 68 are 

female, while 28 participants chose not to disclose their gender. Also, 23 

participants skipped the answer to the question on type of text input method on 

their smartphone. 

However, the 309 participants answered all the remaining questions. The 

authors estimated that the respondents would be persons familiar with 

applications and services on a smartphone. Hence, the survey questions were 

designed to allow only smartphone users to complete it. The survey was 

intended to provide field data that would enable the authors to compare the 

experimental results regarding the connection between smartphone battery-life 

and the usability of text input methods. The motives of the survey were highly 

concealed so that participants will not anticipate the factors that the authors are 

interested in. The results of the survey are presented below. 

5.1 Network Usage 

 

Fig. 5.1  Network Usage. 

The survey data on network usage shown in Fig. 5.1 illustrates that users 

connect to the Internet almost equally through WiFi and 3G. 
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5.2 Smartphone user experience 

 

Fig. 5.2  Smartphone operating system (OS). 

According to the survey results shown in Fig. 5.2, the dominant smartphone 

OS is Google Android followed by Apple iOS. 

 

Fig. 5.3  Smartphone usage experience. 

Fig. 5.3 shows that majority of the participants are experienced users of 

smartphone.  This is particularly important to the authors for the analysis of 

subsequent survey responses. 

Table 5.1  Smartphone quality factors. 

Quality factors Users (%) 

Cost of Smartphone 46.60 

Touchscreen size 65.40 

Battery-life 37.20 

Supported features and applications 81.20 

Internet connectivity 69.60 

Other 18.12 
 

Table 5.1 shows users responses about three factors that motivated them to 

choose their smartphone. It suggests that battery-life seems less important to 

the users. However, the next few results will demonstrate the importance of 

battery-life in smartphone usage. 
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Fig. 5.4  Applications and services. 

 

 

Fig. 5.5  Frequency of applications and 

services usage. 

Fig. 5.4 shows that among the 309 users, 88.7% use email services on their 

smartphone, 86.4% use SMS, 76.7% use social network, while 41.4% use their 

smartphone to shop on the Internet. Fig. 5.5 shows how frequent the users use 

their smartphone to accomplish the various applications and services. 

Remarkably, 86.1% of users use the applications and services daily. This 

shows a fast moving trend towards mobile computing and strongly indicates 

the dependence on text input methods to accomplish several routine tasks such 

as writing email messages, creating SMS, updating a social network blog via 

HTTPs connection, and configuring Mobile VPN services [51], [52]. 

 

Fig. 5.6  Recharging of smartphone battery. 

Fig. 5.6 illustrates that the 68% (i.e., 57% for once a day and 11% for more 

than once a day) of the users re-charge their smartphone at least once daily. It 

can be inferred that the smartphone’s battery-life span is declining as the 

frequency of re-charging increases. In addition, the hours lost daily due to the 

frequent re-charging of the smartphones could have a direct influence on the 

QoE of users. 
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Fig. 5.7  Usage of text input methods. 

The percentage usage of various text input methods is shown in Fig. 5.7 which 

is an indication of a small, but growing user community interested in other text 

input methods. However, Apple iOS does not support replacing the built-in 

virtual keyboard on iPad and iPhone. Hence, it implies that apart from the 

41.3% Android keyboard and 39.9% Apple keyboard users, the remaining 

18.8% includes users that replaced their Android keyboard for another 

keyboard that possibly improves their QoE. 

 

Fig. 5.8  MOS of Text input method usage. 

The summarized responses of 309 participants on QoE question are presented 

next below. 

Few errors: Few errors using touchscreen keyboard. 

Easy to use: Easy to find special characters on touchscreen keyboard e.g., 

@, _,?,<. 

Type fast: Touchscreen keyboard enables them to type fast. 

Satisfied: Satisfied with touchscreen keyboard's design layout. 

Recommend: Willingness to recommend touchscreen keyboard to a friend. 

The keywords above were extracted from the original question and used to plot 

the horizontal axis. The vertical axis represents the mean opinion score (MOS) 

of the participants. The MOS shown in Fig. 5.8 implies that users rated higher 

mark for a touchscreen keyboard that is designed with better QoE 

consideration. This can be interpreted as Easy to use, Satisfied and Type fast 
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with minimum errors.  Thus, the user perception of the text input method 

(touchscreen keyboard) improves. The profile of Fig. 5.8 is consistent with the 

MOS in [53], [54]. 
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Chapter 6 

6 Conclusion 

This thesis presents the results of an experiment conducted to model the 

average energy consumption of text input methods on smartphones. An 

optimized technique to carry-out application specific test on smartphones was 

implemented in this research by harnessing the high sampling rate of the Power 

Monitor and other relevant tools. The data collected from the log files were 

analyzed using ANOVA statistical model. 

During the analysis process, the answers to the research questions were 

investigated and answered as outlined below. 

The first question: “Does smartphone battery-life depend on the type of text 

input method?” 

In this research, three text input methods were tested systematically on three 

smartphones. Analysis results using Peukert’s law indicated that smartphone 

battery-life depends on the type of text input method used. This can be 

interpreted as; a smartphone powered with a Lithium-ion battery of certain 

capacity, the battery will deplete its energy faster if a higher energy consuming 

text input method is used. Based on the experiment and analysis of the data, 

Zimpl text input method consumed the least energy in active mode followed by 

Swype and then SwiftKey. However, Swype and SwiftKey consumed the least 

energy in idle mode followed by Zimpl. 

The second research question: “Are there significant differences in average 

energy consumption of the text input methods?” 

Using an ANOVA model, the authors demonstrated that the average energy 

consumption of the test smartphones varied significantly depending on the type 

of text input method used on a particular smartphone. The practical effect of 

the variations on the battery-life was elaborated using Peukert’s law. 

The third research question: “Does the average energy consumption of the text 

input methods differ with respect to smartphone used?” 

It can be concluded from Fig. 4.1 and Fig. 4.2 that the text input methods have 

different average energy usage on a particular test smartphone in idle mode, 

with the minimum value occurring on Samsung Galaxy S3. However the 

average idle mode energy usage increased respectively on the three 

smartphones as depicted Fig. 4.1. Also, Fig. 4.3 and Fig. 4.4 showed similar 

trend of energy variations on different model of smartphones used. The reasons 

for the variations are due to the characteristic properties of the text input 

methods, the smartphone specifications, different versions of Android OS, and 

core applications running in the background. 
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The fourth research question:  “To what extent does usability of text input 

method affect the energy consumption of smartphones?” 

Using ANOVA analytical model, it was found that for a User with a certain 

level of competence, the User Interaction with a text input method on a certain 

smartphone will have almost no substantial effect on the average energy 

consumed by the smartphone. 

Further research can be done by using more smartphone brands running 

different mobile OS to study the effect of text input methods on the smartphone 

energy consumption on a bigger scale. Including test participants in laboratory 

measurements in the future research is also recommended. However, the test 

participants need to be given basic training on how to use the text input 

methods. 
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Appendix A 

A PowerTool software and Power 

Monitor hardware specifications 

This section of the appendix provides information about the power monitor’s 

system requirements, data exporting, and electrical properties. 

 Hardware and Software Requirements for the A.1

Workstation 

A dedicated Windows platform workstation is required to be used with the 

Power Monitor to achieve the optimal performance and results. 

 Microsoft Windows XP SP2, Windows Vista, or Windows 7. 

 1 GHz 32-bit (x86) or 64-bit (x64) processor. 

 4 GB of system memory. 

 40 GB hard drive with at least 15 GB of available space. 

 Full Speed USB 1.1/USB 2.0 – integrated chipset or PCI/PCI Express 

add in card. 

 Data Exporting Features of the Power Monitor  A.2

The data exporting features of the Power Monitor allows the user to save data 

for the following: 

 The entire power measurement run. 

 If any data is selected with the mouse, the selected data is exported. 

 If no data is selected with the mouse, then the data that is displayed. 

The PowerTool software can export to the file formats shown in Table A.1. 

Table A.1  File formats supported by PowerTool software [42]. 

File format Description 

.CSV 

Comma-separate values. A common format that can be 
used to import into spreadsheet software. The Power 
Monitor saves only what is recorded in the current trace. 

.PT4 

Binary data in exactly the same format that the Power 
Monitor creates, this is compatible with the current 
version of the protocol specification. Please see the 
APPENDIX for a more detailed breakdown of the PT4 
format 

.DCF A common format for exporting test data. 
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All of these formats, when saved, are saved at the maximum time resolution, 

regardless of the Capture Settings [42]. 

 Electrical Specifications of Power Monitor and AC A.3

Power Adapter 

The revisions of the hardware, firmware, and software should be compatible 

with those listed here for optimal performance, consistent and repeatable 

results. Power Monitor hardware revision (HW rev): version D, Power Monitor 

firmware version (FW ver): 19, Version of protocol specification (Prot ver): 

17, and Power Tool UI version (SW ver): 4.0.4.10. Table A.2 below shows the 

main channel specifications of mobile device power monitor. 

The AC-DC Power Adaptor has a Power rating: 30W, Input ratings: 100V-

240V 50/60Hz AC 1.7A, Output ratings: DC 6V 5A. 

Table A.2  Main Channel [42]. 

Component Minimum Maximum 

Output voltage range 2.1 V 4.5 V 

Continuous current  3.0 A 

Peak current  4.5 A 

Integrator cutoff frequency 300 kHz  

Fine current scale - range  40 mA 

Fine current scale -resolution 2.86 uA  

Fine current scale - accuracy +/- 1% or +/- 50 µA 
(whichever is greater) 

 

Coarse current scale - range 30 mA 4.5A 

Coarse current scale - resolution 286 µA  

Coarse current scale - accuracy +/- 1% or +/- 1 mA 
(whichever is greater) 

 

Programmable current limit range 8 mA 8 A 

Programmable current limit accuracy (0.7) * (current limit) (1.4) * (current 
limit) 

Positive temperature coefficient (PTC) 
hold limit at 6 V of direct current input 
(DCIN) 

3 A  

PTC trip limit at 6 V DCIN Not applicable 6 A 

Fan turn on temperature 38 C  

Fan turn off temperature 33 C  

Thermal limit shutdown  C 
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Appendix B 

B Experimental data 

 Laboratory pictures B.1

 

Fig. B.1  Measurement set-up picture. 

 

 

Fig. B.2  Power Monitor. 

 Average Power Consumptions - Idle mode B.2

Table B.1 shows 40 trial baseline power consumption of each text input method 

on the corresponding smartphones without any user task. 

Table B.1  Idle mode power consumptions (mW). 

Trials 
Samsung Galaxy S3 HTC Desire Samsung Nexus 

SwiftKey Swype Zimpl SwiftKey Swype Zimpl SwiftKey Swype Zimpl 

Trial 1 672.74 605.35 692.80 647.31 660.73 705.20 954.05 923.67 977.44 

Trial 2 619.60 598.93 635.34 651.76 660.08 702.92 935.60 920.87 972.79 

Trial 3 604.28 594.94 636.42 650.23 660.78 703.61 935.03 923.75 973.59 

Trial 4 612.75 597.53 631.90 649.78 661.02 704.41 935.03 923.71 973.04 

Trial 5 607.01 599.35 630.32 647.96 661.11 708.99 932.49 924.46 976.60 

Trial 6 606.13 595.43 631.71 646.23 659.33 703.58 933.21 925.30 974.24 

Trial 7 621.14 610.51 632.36 648.58 671.59 701.03 934.94 925.50 972.67 

Trial 8 610.45 639.98 638.76 645.86 663.43 704.25 934.90 926.75 972.07 

Trial 9 607.53 597.07 632.16 645.98 660.75 704.23 932.28 926.96 972.42 

Trial 10 605.25 593.09 630.19 649.46 659.95 703.35 930.42 926.99 973.89 

Trial 11 607.30 591.00 629.04 653.30 660.41 707.68 924.39 927.36 972.41 

Trial 12 615.36 590.71 639.61 648.32 660.34 702.27 924.52 927.06 971.62 

Trial 13 606.12 592.56 632.38 647.61 658.48 704.70 923.04 927.54 972.64 

Trial 14 605.34 590.54 631.51 647.16 662.49 702.71 923.04 926.63 972.08 

Trial 15 606.49 591.13 632.07 646.38 662.84 702.93 922.61 924.62 969.37 

Trial 16 609.43 591.95 629.64 650.67 662.62 701.86 924.53 926.88 969.22 

Trial 17 605.63 592.55 635.41 646.60 661.19 706.66 943.80 925.78 970.29 

Trial 18 614.54 590.20 629.93 650.77 653.63 701.94 927.55 925.77 969.48 
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Trial 19 602.10 590.41 630.93 646.98 629.44 701.84 930.00 925.33 970.50 

Trial 20 602.70 592.90 639.46 648.39 643.75 703.78 928.42 924.85 969.68 

Trial 21 603.56 591.28 630.21 649.25 629.49 702.62 926.83 925.71 969.05 

Trial 22 605.95 588.81 631.63 647.61 620.90 705.18 926.30 925.79 979.33 

Trial 23 605.82 592.20 628.55 650.02 620.37 704.12 927.49 928.83 962.61 

Trial 24 620.53 598.26 631.08 649.62 663.07 702.29 929.19 926.60 962.71 

Trial 25 604.62 590.92 638.41 646.09 660.37 700.97 927.73 926.35 963.68 

Trial 26 603.05 589.29 627.28 646.86 661.64 702.96 926.32 925.82 962.88 

Trial 27 605.63 589.45 629.61 646.46 661.69 702.66 925.89 928.13 952.88 

Trial 28 608.72 591.20 636.20 649.85 660.51 703.61 926.56 926.54 936.71 

Trial 29 604.28 588.02 632.45 645.44 661.23 702.49 934.67 926.92 936.70 

Trial 30 611.26 587.89 630.10 643.03 665.74 703.83 929.62 959.43 952.35 

Trial 31 605.05 586.76 638.70 642.09 663.60 703.56 927.53 921.55 950.27 

Trial 32 605.59 588.73 629.06 647.58 662.43 709.75 928.01 923.76 939.35 

Trial 33 604.85 597.53 633.68 645.54 662.06 704.68 928.38 921.82 938.41 

Trial 34 601.54 590.66 631.41 645.19 664.39 705.14 928.28 924.57 938.08 

Trial 35 615.13 587.52 628.15 645.46 662.43 703.87 928.61 922.92 936.91 

Trial 36 600.99 587.90 631.48 646.66 666.02 705.75 930.43 921.65 936.40 

Trial 37 614.48 588.56 627.25 650.55 661.49 703.77 926.69 924.46 936.11 

Trial 38 605.21 590.09 630.95 646.85 660.70 702.32 927.53 925.95 935.57 

Trial 39 601.72 593.75 629.10 648.33 660.94 706.51 928.06 924.27 937.38 

Trial 40 602.41 587.43 631.29 647.24 661.68 705.56 926.92 913.75 937.63 

AVERAGE 609.31 593.81 633.71 647.73 657.62 703.99 929.77 925.87 960.28 

STDEV 11.55 8.96 10.15 2.27 11.72 1.95 5.81 6.03 15.64 

95% CI 3.58 2.78 3.15 0.70 3.63 0.60 1.80 1.87 4.85 
 

 Average Power Consumptions - Active mode B.3

Table B.2, Table B.3, and Table B.4 below shows the average power 

consumptions and time elapsed during 40 trials of data acquisition 

measurements on each smartphone, while each text input method is activated 

and used. 

B.3.1 Active mode power data measured on Samsung Galaxy 

S3 4G 

Table B.2  Power and time values measured on Samsung Galaxy S3 4G. 

Trials 
SwiftKey Swype Zimpl 

Power (mW) Time (s) Power (mW) Time (s) Power (mW) Time (s) 

Trial 1 1131.22 17.50 1121.20 17.15 821.05 22.50 

Trial 2 978.74 21.09 1194.67 15.09 838.24 20.20 

Trial 3 1147.99 17.50 1202.10 14.40 836.52 18.70 

Trial 4 1034.64 24.00 1192.44 14.50 842.64 17.60 

Trial 5 1065.42 15.80 1158.80 16.18 828.79 23.50 
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Trial 6 985.43 25.85 1133.27 18.15 848.98 16.10 

Trial 7 1128.60 18.69 1207.26 13.50 842.09 18.20 

Trial 8 1189.37 14.30 1156.93 16.40 840.41 22.50 

Trial 9 1126.31 16.10 1186.26 14.80 850.11 18.80 

Trial 10 1099.34 19.05 1208.94 15.52 828.73 19.60 

Trial 11 1150.91 16.95 1167.94 17.61 836.03 18.30 

Trial 12 1089.02 21.30 1191.53 14.50 849.72 17.60 

Trial 13 1184.49 16.65 1123.26 20.00 861.50 20.50 

Trial 14 1120.06 18.95 1165.43 16.10 849.59 17.50 

Trial 15 1099.42 19.66 1119.92 19.50 857.71 18.50 

Trial 16 1064.66 17.60 1194.28 17.00 853.42 16.50 

Trial 17 1247.32 13.21 973.76 24.10 858.48 18.10 

Trial 18 1181.55 15.30 1205.24 14.10 834.86 19.70 

Trial 19 1160.63 17.42 1210.33 13.90 844.68 18.20 

Trial 20 1141.07 18.50 1206.33 13.20 846.71 17.70 

Trial 21 1162.74 19.10 1194.94 13.40 855.47 18.80 

Trial 22 1167.95 16.20 1028.92 20.80 840.28 21.60 

Trial 23 1081.52 18.15 1207.46 14.20 847.52 23.50 

Trial 24 1197.96 15.92 1108.97 18.60 852.12 19.20 

Trial 25 1157.17 17.92 1160.33 16.25 866.35 17.29 

Trial 26 1176.43 16.20 1224.13 14.20 854.84 14.10 

Trial 27 1180.39 18.03 1103.58 21.20 853.42 17.50 

Trial 28 1193.43 15.17 1135.19 16.20 844.42 21.65 

Trial 29 1155.30 16.99 1203.36 14.67 858.37 18.70 

Trial 30 1097.02 23.29 1158.53 16.03 862.93 18.86 

Trial 31 1202.56 15.09 1176.55 14.63 849.66 19.55 

Trial 32 1202.32 15.70 1194.53 14.50 848.99 21.40 

Trial 33 1187.65 15.50 1178.58 15.02 871.21 16.95 

Trial 34 1178.45 15.80 1111.97 18.85 844.89 21.75 

Trial 35 1097.20 19.00 1192.19 14.80 871.38 17.85 

Trial 36 1103.51 20.00 1206.79 13.60 861.15 18.55 

Trial 37 1088.58 21.40 1218.90 14.09 860.80 19.50 

Trial 38 1168.40 17.70 1199.78 15.56 853.31 22.85 

Trial 39 1194.50 15.90 1186.63 14.76 846.83 23.20 

Trial 40 1140.76 16.90 1192.80 14.98 839.85 20.40 

AVERAGE 1136.50 17.89 1167.60 16.05 848.85 19.34 

STDEV 58.64 2.66 51.42 2.45 11.28 2.19 

95% CI 18.17 0.82 15.94 0.76 3.50 0.68 
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B.3.2 Active mode power data measured on HTC Desire 

Table B.3  Power and time values measured on HTC Desire. 

Trials 
SwiftKey Swype Zimpl 

Power (mW) Time (s) Power (mW) Time (s) Power (mW) Time (s) 

Trial 1 1145.67 15.80 1030.53 17.80 896.94 21.70 

Trial 2 1141.37 16.50 1037.45 15.80 877.00 23.45 

Trial 3 1065.00 27.60 994.38 19.60 891.89 23.10 

Trial 4 1112.92 25.50 1023.42 15.80 876.19 28.00 

Trial 5 1168.17 15.80 974.18 19.70 892.04 20.70 

Trial 6 1167.92 17.60 933.79 27.40 902.36 21.00 

Trial 7 1165.89 17.04 971.24 18.10 886.02 21.80 

Trial 8 1138.92 19.40 948.17 27.52 896.69 21.20 

Trial 9 1185.71 16.20 943.14 24.50 874.16 23.20 

Trial 10 1136.00 21.20 937.09 21.98 851.05 21.80 

Trial 11 1036.75 18.80 998.18 17.90 850.09 22.00 

Trial 12 1016.61 24.48 1013.21 17.60 873.61 23.30 

Trial 13 1017.78 20.55 1046.33 14.10 888.76 20.20 

Trial 14 1103.90 18.75 1039.14 15.20 881.71 24.20 

Trial 15 1066.75 20.50 949.20 22.90 873.67 21.98 

Trial 16 1055.78 19.10 981.77 21.90 883.18 20.80 

Trial 17 1021.02 24.52 1031.98 18.10 862.68 22.50 

Trial 18 1026.42 17.90 989.47 19.54 853.60 23.40 

Trial 19 1095.56 18.20 985.37 19.10 883.55 20.40 

Trial 20 1102.08 18.70 882.96 26.70 885.59 25.35 

Trial 21 1160.36 15.40 1010.40 19.30 888.34 20.15 

Trial 22 1105.40 17.30 999.29 19.05 873.90 21.05 

Trial 23 1170.58 21.30 975.10 18.90 887.85 19.40 

Trial 24 1130.45 19.05 989.73 19.40 883.03 18.50 

Trial 25 1110.15 22.30 942.23 21.90 868.83 21.50 

Trial 26 1127.52 17.65 1006.52 21.20 901.16 24.60 

Trial 27 1143.19 18.65 982.56 23.20 903.45 21.22 

Trial 28 1092.01 17.58 947.59 25.10 886.53 23.60 

Trial 29 1168.10 13.59 969.40 28.50 898.64 27.60 

Trial 30 1048.51 17.30 970.44 23.40 903.08 21.00 

Trial 31 1057.74 21.90 967.14 26.10 882.98 23.60 

Trial 32 1041.16 20.92 987.40 20.02 892.31 19.50 

Trial 33 1118.97 17.20 998.84 18.70 909.82 20.52 
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Trial 34 1075.52 22.47 1003.49 20.98 896.01 19.50 

Trial 35 1081.70 18.30 998.85 21.88 895.38 22.50 

Trial 36 1195.38 13.79 987.39 25.20 894.28 23.99 

Trial 37 1081.73 16.90 1000.00 23.90 901.91 21.07 

Trial 38 993.72 21.12 990.01 19.90 912.68 22.20 

Trial 39 1055.25 22.02 1005.17 16.40 892.42 20.10 

Trial 40 1010.10 19.10 1000.96 17.82 904.48 21.52 

AVERAGE 1098.44 19.20 986.09 20.80 886.45 22.08 

STDEV 55.08 3.07 33.34 3.63 15.19 2.05 

95% CI 17.07 0.95 10.33 1.13 4.71 0.63 
 

B.3.3 Active mode power data measured on Samsung Galaxy 

Nexus I9250 

Table B.4  Power and time values measured on Samsung Galaxy Nexus I9250. 

Trials 
SwiftKey Swype Zimpl 

Power (mW) Time (s) Power (mW) Time (s) Power (mW) Time (s) 

Trial 1 1723.90 14.30 1724.56 14.96 1184.06 19.98 

Trial 2 1724.30 12.70 1771.82 13.14 1159.42 18.08 

Trial 3 1709.86 13.60 1722.03 14.93 1153.66 20.60 

Trial 4 1739.70 13.08 1760.60 13.52 1149.09 20.40 

Trial 5 1756.57 13.00 1761.95 12.92 1139.88 22.98 

Trial 6 1555.47 13.35 1792.83 12.54 1162.39 18.70 

Trial 7 1678.00 13.38 1745.60 15.08 1170.62 19.70 

Trial 8 1681.56 14.10 1532.82 21.05 1158.49 20.77 

Trial 9 1617.43 15.80 1774.60 15.50 1171.39 17.50 

Trial 10 1665.44 13.60 1626.59 22.00 1151.92 19.60 

Trial 11 1682.42 14.38 1820.84 13.46 1143.53 21.50 

Trial 12 1602.76 18.61 1721.28 13.93 1139.14 25.20 

Trial 13 1747.28 13.15 1738.54 14.33 1144.43 23.50 

Trial 14 1734.20 13.85 1756.02 15.06 1173.20 19.16 

Trial 15 1570.38 16.90 1798.64 12.72 1161.56 19.95 

Trial 16 1757.94 12.13 1692.65 16.80 1166.59 20.55 

Trial 17 1764.38 12.45 1765.68 12.56 1169.48 17.70 

Trial 18 1678.97 13.30 1790.06 12.65 1150.09 19.72 

Trial 19 1705.64 12.30 1803.01 12.12 1163.06 21.60 

Trial 20 1614.25 14.15 1747.53 15.73 1171.87 16.85 

Trial 21 1751.00 12.62 1761.99 13.25 1159.24 19.80 

Trial 22 1656.84 14.22 1759.85 14.28 1160.51 22.80 
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Trial 23 1632.98 14.52 1676.91 19.38 1155.34 21.35 

Trial 24 1732.67 13.08 1803.23 11.60 1194.56 22.20 

Trial 25 1751.51 12.24 1748.52 12.43 1180.78 18.32 

Trial 26 1768.65 12.25 1809.14 11.24 1183.10 19.00 

Trial 27 1805.14 11.22 1745.27 15.21 1174.95 20.20 

Trial 28 1774.65 11.60 1796.25 12.97 1172.30 18.55 

Trial 29 1743.09 12.58 1792.27 11.82 1160.59 19.10 

Trial 30 1750.22 11.86 1766.91 12.97 1152.07 20.80 

Trial 31 1663.04 15.09 1731.78 13.98 1165.88 17.60 

Trial 32 1762.41 13.00 1666.04 16.02 1178.16 17.00 

Trial 33 1751.04 11.40 1714.11 15.17 1180.13 16.90 

Trial 34 1697.99 12.90 1796.01 12.52 1164.92 21.75 

Trial 35 1650.43 14.92 1615.20 16.43 1186.22 18.39 

Trial 36 1731.64 12.30 1846.39 13.40 1119.01 24.30 

Trial 37 1734.93 13.81 1735.42 17.35 1178.53 17.90 

Trial 38 1758.22 12.09 1666.44 15.07 1129.24 18.72 

Trial 39 1683.44 13.77 1778.23 17.25 1132.93 23.38 

Trial 40 1522.79 17.46 1843.32 13.31 1162.72 18.40 

AVERAGE 1700.83 13.53 1747.52 14.52 1161.88 20.01 

STDEV 65.45 1.58 62.88 2.40 16.51 2.10 

95% CI 20.28 0.49 19.49 0.74 5.12 0.65 
 

B.3.4 Data for ANOVA Two-factor with replication 

Table B.5  Data for ANOVA Two-factor with replication. 

Trials SwiftKey (J) Swype  (J) Zimpl  (J) 

Trial1 

19.80 19.23 18.47 

18.10 18.34 19.46 

24.65 25.80 23.66 

Trial2 

20.64 18.03 16.93 

18.83 16.39 20.57 

21.90 23.28 20.96 

Trial3 

20.09 17.31 15.64 

29.40 19.49 20.60 

23.26 25.71 23.77 

Trial4 

24.83 17.29 14.83 

28.38 16.17 24.54 

22.76 23.80 23.44 

Trial5 

16.83 18.75 19.48 

18.46 19.19 18.47 
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22.84 22.77 26.20 

Trial6 

25.48 20.57 13.67 

20.56 25.59 18.95 

20.77 22.48 21.74 

Trial7 

21.09 16.30 15.33 

19.87 17.58 19.32 

22.45 26.33 23.06 

Trial8 

17.01 18.97 18.91 

22.10 26.10 19.01 

23.71 32.27 24.06 

Trial9 

18.13 17.56 15.98 

19.21 23.11 20.28 

25.56 27.51 20.50 

Trial10 

20.94 18.76 16.24 

24.08 20.60 18.55 

22.65 35.79 22.58 

Trial11 

19.51 20.57 15.30 

19.49 17.87 18.70 

24.19 24.51 24.59 

Trial12 

23.20 17.28 14.96 

24.89 17.83 20.36 

29.83 23.98 28.71 

Trial13 

19.72 22.47 17.66 

20.92 14.75 17.95 

22.98 24.91 26.90 

Trial14 

21.23 18.76 14.87 

20.70 15.80 21.34 

24.02 26.45 22.48 

Trial15 

21.62 21.84 15.87 

21.87 21.74 19.20 

26.54 22.88 23.17 

Trial16 

18.74 20.30 14.08 

20.17 21.50 18.37 

21.33 28.44 23.97 

Trial17 

16.48 23.47 15.54 

25.04 18.68 19.41 

21.97 22.18 20.70 

Trial18 

18.08 16.99 16.45 

18.37 19.34 19.98 

22.33 22.65 22.68 

Trial19 

20.22 16.82 15.37 

19.94 18.82 18.03 

20.98 21.85 25.12 
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Trial20 

21.11 15.92 14.99 

20.61 23.58 22.45 

22.84 27.48 19.75 

Trial21 

22.21 16.01 16.08 

17.87 19.50 17.90 

22.10 23.35 22.95 

Trial22 

18.92 21.40 18.15 

19.12 19.04 18.40 

23.56 25.13 26.46 

Trial23 

19.63 17.15 19.92 

24.94 18.43 17.23 

23.71 32.50 24.67 

Trial24 

19.07 20.63 16.36 

21.54 19.20 16.34 

22.67 20.92 26.52 

Trial25 

20.74 18.86 14.98 

24.76 20.64 18.68 

21.44 21.74 21.63 

Trial26 

19.06 17.38 12.05 

19.90 21.34 22.17 

21.67 20.34 22.48 

Trial27 

21.28 23.40 14.94 

21.32 22.80 19.17 

20.25 26.55 23.74 

Trial28 

18.11 18.39 18.28 

19.20 23.79 20.92 

20.59 23.30 21.75 

Trial29 

19.63 17.65 16.05 

15.88 27.63 24.80 

21.93 21.18 22.17 

Trial30 

25.55 18.57 16.27 

18.14 22.71 18.97 

20.76 22.92 23.96 

Trial31 

18.15 17.21 16.61 

23.17 25.24 20.84 

25.10 24.21 20.52 

Trial32 

18.88 17.32 18.17 

21.78 19.77 17.40 

22.91 26.69 20.03 

Trial33 

18.41 17.70 14.77 

19.24 18.68 18.67 

19.96 26.00 19.95 

Trial34 

18.62 20.96 18.38 
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24.17 21.05 17.47 

21.91 22.49 25.34 

Trial35 

20.85 17.65 15.56 

19.80 21.86 20.15 

24.63 26.54 21.82 

Trial36 

22.07 16.41 15.98 

16.49 24.88 21.46 

21.30 24.74 27.19 

Trial37 

23.30 17.18 16.79 

18.28 23.90 19.00 

23.96 30.11 21.10 

Trial38 

20.68 18.67 19.50 

20.99 19.70 20.26 

21.26 25.11 21.14 

Trial39 

18.99 17.52 19.65 

23.24 16.49 17.94 

23.18 30.68 26.49 

Trial40 

19.28 17.87 17.13 

19.29 17.84 19.47 

26.59 24.53 21.40 
 

 MATLAB Function Code B.4

The Function is used to Import data, Plot the graph, and calculates the average 

Power and Time used. 

function [average,timeDiff] = myFunction(var1,var2,filename1) 

The Function is used to Import data, Plot the graph, and calculates the 
average Power and Time used. 
Full path example C:\Users\Documents\MATLAB\Trial1.csv 
Short path = 'Trial1.csv' 

% NOTE: The MATLAB Function need to be in the same folder of the file you 

% want to analyze. 

Initialize variables. 

delimiter = ','; 

startRow = 2; 

Format string for each line of text: 
column1: double (%f) 

% column2: double (%f) 

formatSpec = '%f%f%[^\n\r]'; 
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Open the text file. 

fileID = fopen(filename1,'r'); 

Read columns of data according to format string. 

dataArray = textscan(fileID, formatSpec, 'Delimiter', delimiter, 'EmptyValue' 

,NaN,'HeaderLines' ,startRow-1, 'ReturnOnError', false); 

Close the text file. 

fclose(fileID); 

Allocate imported array to column variable names 

Times = dataArray{:, 1}; 

MainAvgPowermW = dataArray{:, 2}; 

Clear temporary variables 

clearvars filename delimiter startRow formatSpec fileID dataArray ans; 

Create figure 

figure1 = figure; 

 

% Create axes 

axes1 = axes('Parent',figure1,... 

    'XTick',[0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

25 26 27 28 29 30],... 

    'Position',[0.130913242009132 0.11 0.775 0.815]); 

box(axes1,'on'); 

hold(axes1,'all'); 

 

% Create plot 

plot(Times,MainAvgPowermW); 

Calculate mean power (average) and time difference (timeDiff) 
multFixed is 5000 because the sampling frequency of Power Monitor is 5kHz, each 
second contains 5000 samples. So this normalizes the samples. 

multFixed = 5000; 

start = multFixed*var1; 

stop = multFixed*var2; 

range = (start:stop); 

plot(Times(range),MainAvgPowermW(range)) 

average = mean(MainAvgPowermW(range)); 

timeDiff = max(Times(range))-min(Times(range)); 

Published with MATLAB® R2013a

http://www.mathworks.com/products/matlab
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Appendix C 

C Specifications of Smartphones 

C.1 Specifications of Smartphones 

Table C.6  Specifications of Samsung Galaxy S3 4G. 

Basic features Specifications 

Network 

4G LTE 2600/1800/900 MHz 

3G HSPA 2100 / 900 / 850 MHz 

2G GSM 1900 / 1800 / 900 / 850 MHz 

Data 

4G DL / UL up to 100/50 Mbps 

3G DL / UL up to 42 / 5.76 Mbps 

WiFi 802.11a/b/g/n 

Bluetooth Version 4.0 

Display 
Type 16M Colour sAMOLED, Capacitive touchscreen 

Size 720 x 1280 (HD), 4.8 inches 

Features 

OS Android version 4.1.1 

CPU Quad Core processor, 1.4 GHz 

Sensors Accelerometer, Compass, RGB light, Gyro, Barometer 

GPS A-GPS and GLONASS support 

Messaging SMS, MMS, Email (POP3, IMAP4, SMTP), IM 

Main camera 8 MP, Autofocus, LED flash 

Battery 

Capacity 2100 mA·h, 3.8 V,  7.98 W·h Li-Ion type 

Talk time Up to 16.6 hours (2G) / 10.8 hours (3G) 

Stand-by Up to 580 Hours (2G) / 510 Hours (3G) / 390 Hours (4G) 
 

C.2 Specifications of HTC Desire 

Table C.7  Specifications of HTC Desire. 

Basic features Specifications 

Network 
3G HSDPA 850/900/1900/2100 MHz 

2G GSM 850/900/1800/1900 MHz 

Data 

3G HSDPA, 7.2 Mbps; HSUPA, 2 Mbps 

WiFi Wi-Fi 802.11 b/g, Wi-Fi hotspot 

Bluetooth v2.1 with A2DP 

Display 
Type AMOLED or SLCD capacitive touchscreen, 16M colors 

Size 480 x 800 pixels, 3.7 inches (~252 ppi pixel density) 
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Features 

OS Android version 2.2 

CPU 1 GHz Scorpion 

Sensors Accelerometer, proximity, compass 

GPS A-GPS support 

Messaging SMS(threaded view), MMS, Email, Push Email, IM 

Main camera 5 MP, 2592 x 1944 pixels, Autofocus, LED flash 

Battery 

Capacity 1400 mA·h, 3.7 V, 5.18 W·h Li-ion type 

Talk time Up to 16.6 hours (2G) / 10.8 hours (3G) 

Stand-by Up to 340 Hours (2G) / 360 Hours (3G) 
 

C.3 Specifications of Samsung Galaxy Nexus I9250 

Table C.8  Specifications of Samsung Galaxy Nexus I9250. 

Basic features Specifications 

Network 
3G HSPA 850/900/1700/1900/2100 MHz 

2G GSM 850/900/1800/1900 MHz 

Data 

3G HSPA+ 21 Mbps 

WiFi 802.11a/b/g/n 

Bluetooth BT 3.0 + EDR Bluetooth 

Display 
Type 16M Colour sAMOLED, Capacitive touchscreen 

Size 1280 x 720 pixels, 4.65 inches 

Features 

OS Android version 4.2.1 

CPU Dual Core processor, 1.2 GHz 

Sensors Accelerometer, Compass, Barometer 

GPS A-GPS support 

Messaging SMS, MMS, Email (POP3, IMAP4, SMTP), IM 

Main camera 5 MP, Autofocus, LED flash 

Battery 

Capacity 1750 mA·h, 3.7 V, 6.48 W·h Li-Ion type 

Talk time Up to 1060 minutes (2G) / Up to 500 minutes (3G) 

Stand-by Up to 290 Hours (2G) / Up to 270 Hours (3G) 
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Appendix D 

D Survey Questionnaire 

 

1) Please choose your Age range and Sex? 
 

 18 – 24 25 – 30 31 – 50 
Male 

   
Female 

   
 

2) Please, select your smartphone’s operating system (i.e Touchscreen 

phone)? 

 

 

 

 

 

 
 

3) How long have you been using a smartphone? 

 

 

 
 

4) Please select any three of these factors that might have motivated you 

to choose your smartphone? (please select ONLY three factors): 

 Cost of smartphone 

 Touch screen size 

 Battery life 

 Supported features and applications 

 Internet connectivity 

 Other 

 

5) How does your smartphone connect to the internet? (please select all 

that apply): 

 WiFi 

 3G 

 Other 
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6) Which of these applications or services do you use on your 

smartphone? (please select all that apply): 

  Email (e.g. Yahoo, Gmail apps or through smartphone 

browser) 

  Social network (e.g. Facebook, Twitter apps or through 

smartphone browser) 

 Short message service (SMS) 

 Text editor (e.g. mobile version of Word, Excel) 

 Shop online (e.g. buy train tickets, pay bills) 

 Other 

 

7) How often do you use any of the applications or services listed in 

question 6? 

 

 

 

 

 
 

8) How often do you recharge your smartphone’s battery? 

 

 

 

 

 
 

9) Which touchscreen keyboard do you use at the moment? 

 Android Keyboard 

 HTC Keyboard 

 iPhone keyboard 

 Sony Gesture Input 

 SwiftKey 

 Swype 

 TouchPal 

 Zimpl 

 Other 

 

10) Please select one response for each statement regarding your 

touchscreen keyboard. 

 

 Strongly 
disagree 

Disagree Neither agree 
nor disagree 

Agree Strongly 
agree 

I make fewer errors or 
corrections when using my 
touchscreen keyboard. 
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It is easy to find special 
characters on my touchscreen 
keyboard (e.g. @, _,?,<, etc). 

     

My touchscreen keyboard 
enables me to type fast.      

I am satisfied with my 
touchscreen keyboard's design 
layout. 

     

I will recommend my 
touchscreen keyboard to a 
friend. 

     

 

Submit
 

 

The survey can be viewed online at the website address shown below:  

http://www.surveymonkey.com/s/N7986YH 

http://www.surveymonkey.com/s/N7986YH
http://www.surveymonkey.com/s/N7986YH
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