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1 Introduction

Nowadays, people use a lot of mobilerides, and many encounter problems withirthe
batteries|t is quite common to have to charge the device more than once @ftiay,

peopledo notknow how they could make their batteries last longer.

To tackle the mblem, there are several eneiggring applications availab[€rK07,
Doz11, OIS13, PHZ12] These applications increase battery litsualy by
automatically closing applications or operations. The user is for the most part unaware
of what theenergy savingpplication actually doeS.herefore,even though the battery
might lastsomewhatonger, the user may continue usebehavioal patterns that drain

the battery.

User behavioral studies in the area of mobile battery awareness afEheneare some
studies about energy awareness liappons in domesticenvironments[ASV07,
CTGO08] and also some studies on battery level indicators on mobile d¢RIQz07,
Raz09].To our knowledge,he effect of battery management advice on user behavior

has not been studied in previous work.

Thereis little evidence to suppothe assumptionhat battery awareess applications
lead tobehavioral changeSincethe power consumption of smartphones also depends
on user behavior, we decided to try to find out what people can do to help the battery

lastlonger.

It requires a large user base to successfully study how this kind of application would
affect behavior. Thereforewe decided to conduct a researoh how a mobile
awareness application called Carat is used, and how the behavior of its usgeschan
over time. It does not do any actions by itself, but gives the user information, and a way
to do some energy saving actions within the applicafi®arat is used worldwide in

over 600,000 mobile deviceand it has been shown that using Carat helpsiskees



save the battery of their mobile devices [OIL12, OIS13]. Yet, very littleaask about

how people use Carahd whakind of behavior leads tihese results.

The study was carried out in two phases. The fiest of the studywas conducted
collaboratively by Kumaripaba Athukorala, Eemil Lagerspetz, Antti Jylha, Adam J.
Oliner, Sasurarkoma, Giulio Jacucci, and the present autfbe results of this part of
the study were published in spring 2014 [ALK14]. The second part of the atasly

conductedand analyzed by the present author

In the first part of the study, we conducted a user survey, and received over 1,000
submissions. In addition to the survey responses, we also studied the Carat log data of
the devices represented in the surwaie foundout that the behavior changes over
time; there were significant differences between new Carat users,thendhore

experienced ones.

Since most of the improvement in battery life takes place during the first weeks of using
Carat [OIS13], we decided tmonduct a followup study on new usert the second

part of the study, wéocusedon how new userform habits. We recruited 10 new Carat
users and studied how they use Caratd what they thought of using ithey were
interviewed twice, before theyasted using Carat, and after one month of Carat use.
During the one month period of using Carat, they also wrote inbadveey about their

experiences.

In this study, the aim was to find out what feature€aifat are most important tsers,

how Carat dects their behavior, and what the correlation between the reported
behavior and the acquired battery savings is. We also stutiatlare the motivations
for t he u slehasgés, ane what\strategies the users employ in using the

information Caragives them.



2 Related work

The majority of theresearch conductezh improving the battery life of mobile devie
concentratesntechnical aspects of how to make battetsst longefLSCO05, PHZ12]

or how toaffectenergy consumption of softwar&mT10, GuS03, SMMO08] There is

also some research about applications that give the user advice to prolong the battery

life of their device§DBN13, OIL12 OIS13.

Not much research hasénreported orthe user behaviaconcernng the battery lifeof
mobile devicesOf t he studies that have been conduc
charging behavio [BRCO07, FDK11, RQZ07, RazZ09]Less focus has been on the

actions tlat users can take to prolohgttery life.

The research orbehavioral changes in energy awareness is mostly focused on
household situation®\SV07, CTG08].Our research seems to be one of the first ones in

the domain of behavior change in energy awareness applications in mobile.devices

2.1 Mobile battery awareness applications

Most mobile devices have some kinds of indicators of the battery level, and possibly
also some information on what has drained the battery. In addition to that, there are
several applications available for acquiring more informadionwvhatconsumegnergy
in mobile devicesAlthough there are numeronsobile battery awarenesgplications,

not much research has bemmmducted on them.

One of the eayl energy awareness tools for mobile phones av@®wer consumption
profiler for S60 & edition smartphonefCrk07]. It was not designed for the mobile
phone user$ut its main target was to help mobile application develofmerseasure

power cosumption and by using that informatiohglp them design applications with



low energy consumption. theasured the total power consumption of the dedoe

created a graph of the results.

There are radelsthathave been creatéd monitor power consumption, and tools made
to support those models, e.g., PowerTutor [ZTQ10], and Sdsxoad 1]. PowerTuto
is an Android application that showdetailed and visualized information about the
energy use of the device by differeasources, e.gGPU, WiFi, and the scregand by

applications.

These toolsonly use informationthat has beergathered within a specific device.
According to our knowledge, Carat is the first energy awareness application for mobile
devices that uses a community to gather informationtlauses that information for
energy profiling. Without this information is very hard to find out whether the energy
use of an application igbnormally high. With darge community of users, Carat can
determine if a certain applicationpsoblematic on a single device or on a small group

of devices, or if it consumes a lotefiergy on thenajority of devices.

2.2 Mobile d evice charging b ehavior

The workby Rahmati et al. [RQZ0Raz09] systematically addressed different aspects

of how users deal with limited battery life on mobile phones. The authors studied
different strategiesregarding charging behavior, and divided the usets two
behavioal categories. Type A users chatge phone regularly, regardless of the charge
level. Type B users use the information about battery status to decide when to charge
their phone. The autins also studied the battery use feedback that the phone gives to
the users, and found it inagate and inadequate. The povgawving settings are also
divided betweenseveral different screens. Alhis results in users not thoroughly
understanding whatrdins the batteriesTherefore,a lot of the actions that coulde

done to prolong battery lifare not conducted. However, 89of the users have taken

some steps to increase teay lifetime according to these studies



Banerjee et al.BRC07 have also taidied the charging behavior tife users, and used
the results to develop a usand statisticglriven energy management system. They
found out that most recharges take place when there is still much of the batteveteft
when the motivation for chairgy is the battery level lot of the recharges are driven by
time of the dayor a convenient place for chargirand variations in charging habits are

significant.

Ferreira et al. [FDK11] foundn their studythat there are basically two types of
charginghabits. People haveong charging periods during the night, and shorter periods
during the day. They concluded from their more thorofigdingst h a t the wuser

charging habits can reduce the lifetime of bladtery.

2.3 Behavior change in energy awareness applications

Feedback for energy conservation has been widely stddieolg several decades. This
research covers work on different domains and disciplines, such as behavioral sciences.
Most of the energyelaied HCI research is focused on household energyRiB42]
Although this domain differs from mobile battery awareness applications, there are also
similarities. One of the pst importandifferences is the motivation to save energy: in
household environnme the mainreason for saving energy is usually the wish to save
money or the environment, while in mobile devices the main motivation is to make the
battery last longerThe key principles mentioned in the literature on the feedback for
household settingare also present i@arat,the mobile awareness applicatiore are
studying Theseprinciplesare to provideuseful ad effective feedback, to rewanders

to keep them motivated, atalavoid information overload.

People behave and think differentigr variousreasons and constrain@snd there is a
wide variationwithin use situations. Therefore the effectiveness of the feedback given
can be enhanced by tailoritige given informatiofASV07, CTGO08].For the feedback

to be efficient it needs to beeattime, and informative in a way that the user will



undersand what are the results of histar actions [MMW83]. The user should clearly
understand the desired goal, amdat shouldbe done to achieve the goal in thest

possible way.

Behavioral chagesthat have beemacquired when people attend an energy efficiency
program often diminish rapidlgfterwards However, the longer the duration of the
program is, and the more information is given to the users, the longer the effedts last.
keepthe uses motivated, theghouldalsobe given clear feedbadk tell them whether

their actions are effectiver not[HHPOO]. Riche et al. [RDM10] give three guidelines

to support energy saving behavior changése awareness, inform complex changes,
and mainéin sustainable routineJhere are many other design guidelines for energy
awareness applications such as designing to avoid information overload, or the format
of the feedbackFFL10, PFL10, PSP10However, in this thesis it is assumidt the

ones mentioned above are the most relevant ones in the domain of mobile energy

awareness applications.

Most of the energy efficiency tools available only provide feedback after the users have
performedactions, e.g.information about previougower use, savechoney or carbon
footprints [RDM10]. However, there are some recent approathats concentrate on
giving energy consumption information in the form of suggestif@SC12] The
approach that has been usearat is to provide suggestions to the usersidit@n to

informationon previous energy consumption.



3 Methods and materials

To undestand how peopleise a mobile battery awareness applicatiend how it
affects their behavio we conducted user studies during sumaret fall2013.In this
research, westudieda mobile energy awareness application called Cd@ra&tvious
studies [OIL12, OIS13] havehownthat using Carat prolonghe battery life of its
users but thatesearclgives very little indication of what has caused the change. The

aim d this study is to find ouhow Carat affects the behavior of its users.

We start byexplairnng what Carat is, and what information isvgn to the user viast
user interfacesThenwe go into more deta#bout the research: whate the methods

that wereusedand how the study was conducted.

3.1 Introduction to Carat

Carat[OIL12, OIS13]is an energyawarenessapplication for mobile devicedt is
designed to help users manage the battery of their mobile device by displaying
information of power use of applicationdJnlike many other energy saving
applications, it doeshot use onlythe information within the device, but collects
information from all Carat users worldwid@hat way Carat can calculatehich
applications use more energy than average. Chatfiadsout if a certain instance of

an application seems to use more energy than the same application on other devices.

The Carat applications widely used; it has been installed on more than 600,000
devices.Carat an be downl oaded f oarefdrtheei@S platftommm Appl e
and from Googleds Pl ay Shiscstudy isdformluctedvithe Andr o

Android users only.

The Carat application on a mobi sampledevi ce s«

the serverEachsample includgfollowing information:the user ID of the device, date



and time, battery level, and a list of currently running applicatidbhs.server analyzes
the data, andompaes it with energy useifter the Carat server has received enough
samples, it generates remorthat include information about the device and the
applications it has been usinfhese reports are sent to the Carat application the next

time it is opened.

3.1.1 The main features of Carat

The main purpose of Carat isdive theuser infomation about the applicationsedon

his or her mobile device, and how the most energy draining applications affect the
battery life of the device. When a new user starts using Carat, Carat collects samples for
about a week before the user receives tre fesults of the analysiBuring this first

week, the user should open thevice every day, so that Carat can send enough samples
to the serverBefore the first analysis on that device has beenthenuser gets reports
based orthe list of the runmig processes on the device, ahd analysis conducted
within the Carat communitylherefore Carat malye useful to the useven when there

is very little dataabouthis or herdevice in the Carat server.

3.1.1.1 Hogs and bugs

Carat classifies applications by thenergy consumptiort has two categories for the
problematic applications. These categories are described here skinlgr et al.

[O1S13 have described more thoroughly how they are calculated.

Within the Carat community, the applications that osare energy than an average
application are calletiogs By definition, this means that 30 of the applications are
hogs. An application can be a hog, because it needs smasgyconsuming features of
the mobile device to work as intended, e.g., GPS and WAFwidely spread

misbehavior of an application can also cause it to be a hog.



Applications that are not hogs chave instances that are classifiedoags Bugs are
instances of applications that for some reason use more energghéraajority of the
instances of that applicatioR.g., the Kindle applicatiohis not a hog. As Oliner et al.
[OIS13 reported some versions, however, used exceptionally high amountseafyen
when used via mobile network. Therefore the application showed as a bug for those

users who used their device avat mobile network instead oi-Fi.

The Carat application has streen that shows a list of applications that have been
classified asbugs @ that device. There is alsosareen that shows lesting of the
applications that have been used on that device, and have been categorized as hogs in
the Carat community. These screens (Begire 1) show the application name, the
expected improvement of the active battery life if the applicatias notused, and the

measurement error.

it

] = - - 0 T
Carat 0.86 - 144 Samples reported Carat 0.86 - 144 Samples reported

Fonecta Caller 3.1.1 » || %=> Wi-Fi Direct share 1.0 ;
Expected improvement: Th ém  2m % Expected improvement:  Th 14m + 2m
f SixGuns1.1.8

>
Expected improvement: 23m 12s+11m

Facebook 3.6.1 ,

Expected improvement: 16m8s t41s

Figurel: The hog and bug screeipaLK14 Carl3

The user can also look at more detailed information on each of the hog and bug
applications (seigure?2). In addition to the previously shown screens, thisrimation
includes the total number of samples within the Carat community where this application
was present, and the total number of samples witlolftthe user wants to findub

what these numbers mean, the explanatiamsbe found on an informaticcreen.

! https:/play.google.com/store/apps/details?id=com.amazon.kindle
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it '~ ot

Carat 0.86 - 144 Samples reported Carat 0.86 - 144 Samples reported

i [ & fi [

’, Six Guns 1.1.8 What are these numbers?

.»«u&s Expected improvement: 23m 12s+11m - .
. . Expected benefit is the amount of battery life
Expected improvement: that fixing the hog/bug is expected to yield.
Fixing hogs means killing the app and using it
23m12s+11m less, while fixing a bug may mean just restarting
the app, updating it to the latest version, or
Samples: changing some of the app's settings.

3396 || samples shows how many measurements we
have of this app, across all users. More
Error: samples means the app is common and its
energy use well known.

As there are more samples, the Measurement

Sam ples without: error (in minutes) will decrease.

Measurements without shows how many
9076017 measurements Carat has that do not include
the app in question. Both measurements with
and without the app are required to ascertain its
energy behavior.

Figure2: More detailed information of an applicatiofiCar13

3.1.1.2 Actions

When the wuser opens Carat, t he f iThest scr e
suggestions made by Carate listed on this scregiseeFigure 3). The siggestions

consist of the hog and bug applications currently runrang the actions Carat suggests

thatshould be takenn them The suggested aoh for the hogs is to kill thapplication,

and for bugs to restart it.
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3

Carat 0.86 - 153 Samples reported

BN D ¥ & ?

Restart Wi-Fi Direct share . Facebook

Foreground App Foreground App

o~
= !
Expected improvement: 1h 14m + 2m Expected improvement: 16m 8s +41s
K 2 Kill Six Guns Kill Facebook 3.6.1 App Manager
Foreground App >
282 Eypected improvement: 23m 12s +11m If killing the app does not work:
Kill Facebook Click App Manager above. Click the Running
’ tab

Foreground App

Expected improvement:  16m 8s + 41s If necessary, scroll up or down to locate the app
you want to close. When you've found it, click it.
You should see something like this:

= App info

@ Gmail

Uninstall
updates

Force stop

STORAGE

Use WiFi only Share ... Give feedback

Figure3: The Actions screefALK14 Carl3 and the screen where an application can be killgciarl3

The actions can be carried owmithin the Carat applicatio(seeFigure 3). Sometimes,

the applicationbés background service start s
these cases, Carpttovides a link to the application manager where the application can

beforce killed This may cause the application to work unexpectedly,itamay cause

problems, especially if the application is part of the operating system.

3.1.1.3 The JScore and other information about the device

All the previous information concerns individual applications, and not the overall
situation of the battery life of that device. On the Device screernHgeee4) the user

can see other information about the devioe. the top of the screen is theSdore,
which tells how the estimated active battery life of this device relates t@€ahat
community.A high score means th#te active battery life of this device is better than

on most of the other devices in the community.
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A ¢ . ot
¥
86 Updating 10/49 Samples reported Carat 0.86 - 144 Samples reported

& ? fi | - ?

Device Device

',‘;N Priority: Background App

Your J-Score: 87 ,

(Updated just now)
s Dropbox 2.3.10.4

Active Battery Life: 12h 22m+2h36m » hll Priority: Service
Carat ID: ce9b9df60b463d52 Email 4.0
0S version: 4192 > @ Priority: Service
Device model: GT-19300 > " Picasa Uploader 1.1.40000

la Priority: Background App

Running apps: View Process List

Software update v2.2.9
Priority: Background App

Samsung Link 1.6.0802
Priority: Service

Memory used:

|
Memory active: [ IRNEEEE °

CPU Usage:

, Settings 4.1.2-19300XXEMG4

Priority: Service

k- lab

R TMServerApp 1.0
_ﬁ Priority: Background App

Figure4: The Device scredfarl3]anda list of currently running application§ALK14 Carl13

The active battery life tells how long the battery of this device would last if the device
was used in a way it has been used previously according to the samples Carat
application has gathered and sent to the seltvdoesnottake into account the time the
device has been idle, so this number doestell how long the battery lasts on an

average day.

The Carat ID of the devic#)e operating system version, arftetdevice model are also
shown @ this screenA list of currently running applications can becessedia the

AVi ew Pr oc e ©sthdbbter af théosareeh, tha user sees information about
memory use on the device. Thigormation can give the user indication of how the

applications are affecting the performance of the device.
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3.2 Research methods

The research was divided into two pafgst, we conducted survey on the existing
Caratusersto get a comprehensive overview of their Carat dare specifically, we
wantedto find outhow they use their mobile devicaad Carat: their changg habits,

what features #y use in Caratand what are their motivations. This data was then
combined with the Carat log data of the respondents, to find out what kind of behavior

fosters better battery lifand to verify some of their answers

The first part of the research was conducted collaborativélye present author
designed and implemented the questionnaire to Google Diiee gdtting comments
from other members of the groufkemil Lagerspetz publishedhd link to the
qguestionnairecolleded the log dataand made the calculations concerning log .data
The analysis of the data was for the most part dgn€umaripaba Athukorala and the
present authorEemil Lagerspetz, Antti Jylha, Adam J. Oliner, Sasu Tarkoana,
Giulio Jacuccalso contibuted to the analysi®esults othis part of the study haadso

been reported earlier [ALK14].

The second part of the study involved new Carat us&ssthe most significant
improvement of the battery life takes place within the first weeks of CagdQiS13],

we wanted to study more closely how new users use dratmethods chosen were
interviews and web diaries, because we wanted to get a deep and detailed understanding
of how the participants would interact with Carat, and what are their feeéing

thoughts about it.

Due to the relatively small number of participants in this part of the study, studying their
log data statistically would not have made sense. Also, there were no results that could
have been verified by the log data. Therefore,decided not to use the Carat log data

of the participants in this part of the study.
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The new Carat usergcruitedfor this studywerefirst interviewed about their mobile
device using habits and their knowledg®utfactors that affect battery life. Adr the
initial interview, they startedusing Carat, and during the study period, they filled in a
web diary approximately once a week. At the end of thast of the studythe
participans were interviewed again to find out how Carat had affected theh&gyuse

their devices.They also submitted their answers to the questionnaire that was

introduced in the first part of the study.

3.3 The first part of the study

The first part of the study consisted of a questionnaire that was targeted to all of the
existing Carat Android users, akde Carat log data from thesers thatespondd to the
questionnaireThis partwas carried out with a lot of helpoim the Carat development

team.

3.3.1 User survey

In the firstpartof the study, we constructed a questionnairdgterexisting Carat users.

The questionnairevas createdusing Google Formsand wth the help of Carat
developers, we plad a link to the questionnairemd o Achtei oins & scr een
Android. The link was publishefbr a small portion otheusers inthe end of June 2013

for a few daysand to allusers inAugust 12th, 2013and it was open for about two
weeks. From the responses, we removed doubles,aand resultwe got 1140

individual responses

The questionnaire included 16losed questions and three fee text fields for
suggestions for improvement, special thanks, dhdrdeedbackTherespondents were
askedhow long the had been using Caratn how many devicethey used it their
battery charging habits, why they use Carat, what they do tisy use it, how do they

see their understanding about how Carat works, and how Carat has affected the way

0
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they use their devicelhey were also asked to fill out some background information.
The Carat ID of the device, the device model, and the opgraystem were
automatically added to the questionnaifbe questionnairéhat wasused isshown in

the Appendix 1.

3.3.2 Carat logs

In the questionnaire, we asked the respondents questions about why and how they use
Carat. To find out how these differdmthaviors affect battery life, we decided to study

the Carat logs of the respondenthe Carat logs include information sent by the mobile
application to the servesamples and information sent from the server to the mobile

application reports

The Caat application collects data from the mobile device in the form of samples.
Samples include the user ID, but also snapshots of the state of the device at a certain

moment. This snapshot information includes:

1 Timestamp
1 Battery level

1 List of running aplications.

The Carat server analyses the samples, and compares the data to other devices and
applications in the communitfgased on this analysis, the Carat server generates reports
about the device, and the applications that have been usedlheitgorts include,

among other things, the following data:

1 Average battery life in hours

1 The 3Score

1 List of applications the user has ever run
1 Hogs, and the date they were found

1 Bugs, and the date they were found
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These reports are then sent to¢beresponding mobile devic&he reports, as such, are
not shown to the user. Based on these reports, the Carat application generates the

information that ishown a different screens.

In this study, we used the log data to quantify the user behawierdata shows when a
hog or a bug was reported to the user, and if the use of that specific application changed
after that. The logsvere alsoused to see what kind of behaviand user attributes

correlate with better battery life.

3.4 The second part of the study

A field study withnew Carat users in FinlawdasalsoconductedThis part of the study
started with an initial interview, where the participants were asked questions about their
mobile device use. After the interview they were askedrite a wdo diary about their
experiences during a one month periétl the end of the study they were interviewed
again to find out how they used Carat, and how it affected their mobile devidgotise.

of the interviews were serstructured.14 peopleparticipatedin the initial interview,

and 10 of them took part in the whole study.

Of the 10 participants, most )(&vere computer science studengs, their technical
background ws better than averag®f the participantsp were women and the
average age was Ziears.Oneof them used Cat on a tablet, and the othero@ a

mobile phone.

3.4.1 Initial interview

The field study started with an interview with tparticipans. Theparticipants were
askedquestions about their mobile devices, their charging habits, ogimioout battery
life, understanding of what drains thattery, and what they consider important when
purchasing a new mobile devidst the end of the survey, the participantsre/given a

short explanation oivhat Carat does.
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3.4.2 Web diaries

In the web diaes, te participants were askedvwoite what they did when they opened
Carat, what they thought of it, and h@arat hacaffected their behavior. The web diary
form that was used is shown in the AppendixTBe web diaries were made using
Google Forms, rad each diary entry was one submissibhe study lasted four weeks
after Carat started providing results, and phaeticipants were asked to submit an entry

at least once a week.

3.4.3 Final interview
At the end of the study, thparticipans were interviewedagain. They were asked
guestionsabout their experiences and thoughts about Carat, and how it changed the way

they used their mobile devices.

3.4.4 Survey questionnaire

After the final interview theparticipans were asked to complete the same questionnaire
that was used in the first part of the stuBye tothe small number oparticipans in

this part of the studywe did not compare thee results with the submissions we had
received earlier. Instead, we used the answers together with the interviews aet the
diary entriesto get an understanding of how the new users hadfieddheir behavior,

and what wee their thoughts about Carat.
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4 Results of the first part of the study

In this section, we discuss the results we received in theplirsof our reseath. We
outline the statistical analyses of the survey responses and CaraiVigdassify the
respondents into two groups, study their behavior, and compare some behavioral aspects
with the log data of their application use and battery informaton.the operended

questions in the survey questionnaire, we conducted qualitative analysis.

4.1 Population

We placed a link to the questionnaoe the starting page of Carat for all the Android
users. Our goal was to get answers from a wide range of users from different regions of
the world. By the time we decided to close the survey, we had gotten a total of 1,140

valid responses.

Of the respondentsonly 16% had been using Carat more thayear, and 4% less

than three monthseeFigure5). The respondentsd aver %ge age
of them were maleMost of the respondents (98) were answering the survey on their

mobile phones, but 2& of all the respondents used Carat on more than one mobile

device. We got answers from over 100 countries imhHbitedcontinents.
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Time using Carat

W Lezsthan a manth
M 1-3 months
W 3-6 months
24%
6-12 maonths

Over a year

Figure5: Time using Carat

4.2 Classification of users

The diversity of user behavior in smartphomse is high [FMK10]. Therefore, we
studied the characteristics Garat users to elucidate the features that differentiate them.

It has been shvan that most of the improvement in battery life takes place during the
first weeks of using Carat [OIS13]. Also in this study, we found out that the duration of
Carat usecorrelated with most of theharacteristics of Carat useksence, wedecided

to usethe duration of use of Carat to classify the respondents of the survey as beginners

and advanced users.

As reported earliefALK14], there are significant positive correlations between the
responsesthi On how many devi c,@ds8lowo wyotiindessmrel Car at °
how Car at andfioHokws ?loong have youlhebresgondestisi ng C
who have been using Carat longer seem to understand it better, and use it on more
devices.These results indicate that #sowho have been using Catahger have a

better understandingf thefunctionalities of Carat, and have been actively uding i

We comparedhow the respondents had answetled questiomi How | ong have

been usi ngtheGaratiantof?actual Carat use frahe Caratlog data We
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foundout that theyare significantly correlategALK14] . However, the log data likely

to underestimate the duration of Carat use since it only shows how long Carat has been
used on that devi¢éut it is possible that theespondenhas used Carat earlier other
devices.Since the log data doewot take into account the previous Carat use, we

decided to base thaassificationon the survey responses.

We also needed to defifeow to divide theresponderst into two groups. We first
studied the responses thet questionsi How wel | do you wunder st
wor ken®@oHow | ong have yo|[ALKL4 e usedshe regorte@ar at ? 0
duration of Carat use as the threshold value, and conducté&dusiealWallis test and
the MannWhitney U test separatelio each of the classification® find out the
correlation to how well thdeginners and the advanced ustiigk they understand

Carat.The main results of these tests can be fourichbiel.

Kruskal -Wallis test Mann-Whitney U test[ALK14]
Definition of beginner | p d?2 p r
< 1 month p<.01 .016 p<.01 -.128
< 3 months p<.01 .017 p<.01 -.130
< 6 months p<.01 .012 p<.01 -.109
<1 year p<.01 .015 p<.01 -.123

Table1: Results of teston howthe respondentsanswered the questiort | 26 ¢St f R2 @&2dz dzy RS
how Carat works®

There is a significant differendp < .01) between beginners and advanced users in all

of the classification schemeblowever,when the beginners are defined as users who

have used Carat for less than three months, and others as advanced users, the difference

is the greatest.

There are also behaval studies on energy awareness applications, where the results

have shown that the habits are formed during the first three months, and that those
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habitsdo notchange much after that [DarO@lIso Oliner et al. [OIS13}efer to those

who have used Carétr over 90 days as loAgrm usersBased on previous work and

our findings, we decided to use three months as the divider between beginners and
advanced users in our studyable2 shows the characteristics of these user groups.

the rest of this section wesa this classification to anakyalifferent behaviors ahe

respondents

Group Characteristics Beginners Advanced Users

Number of Respondents 451 689

Duration of Carat Use <90 days > 90 days

Gender male = 389 male = 620
female = 60 female = 58
other = 2 other =11

Mean age in years 36 38

Table2: Primary characterstics of the two groups ofespondens [ALK14]

4.3 Reasons for using Carat

We asked the respondents what was for them the most important reason to open Carat.
We gave the respondents threptions:to be able to use the device longer without
rechargingenvironmental reasons, and curiosity. Thegre also given a freext field

to fill if none of the suggested options was applicablsummary of the responses can

be found inFigure®6.
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Main reason for using Cara

1%

B To be able to use the device

longer without recharging

® Environmental reasons

m Curiosity

Other

Figure6: The mam reason for using Carat

The most common reason for using Carat was to make the battery last longer (72 % of
the respondents). Even though one might think that environmental reasons would be a
notable reason for using an energy awareness applicationralsmlule devicesthat

did not seem to be the case. Only 1 % of the respondents selected that option. Instead,
26 % of the respondents selected curiosity as the main reason for using Carat. Very few
(1 % of the respondents) wanted to give another reagsonsing Carat. Among the
reasons mentioned were, e.Dat a a ama iCompars@ if | have a sub par

batteno.

4.4 Reasons for opening Carat

We wanted to find duwhy the respondestopen Carat, and whidctiors they take
with it. First, we asked what the main reason for them to open Carat. They were given
the main features of Carat as options to choose ffosummary of their responsés

shown inFigure?.
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Main reason for opening Cara
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45 —p : —
40 — O Beginners ||
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& 25 —
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Q15
- 5 |
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Seenewly Senddata Checkthe Checkthe Check running
suggested toserver hogandbug JScore applications
actions reports

Figure7: The main reason for opening CargfLK14]

We also asked them what actions they take most times they open Carat. They were
given a list of actions that can be taken, and they were able to choose as many of them

as they considered applicable. A summary of these responses is stagura8.

Actions when using Cara

Check the Suggested actior W

Check the hog report

Check the bug report

Check the-$core

Kill application(s)

Check running application

o O Beginners
Restart application(s’

B Advanced users
Nothing | | |

0O 10 20 30 40 50 60 70 80 90
% of the respondents

Figure8: The actions performed when Carat is opxLK14]
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The responses show that checking the suggested a¢kitlimg)y hogsand restarting

bugg is the main reason for opening Carat for both beginner8oj4énd advanced
users (424). A great majority ofresponderst (71 % of the beginners and 6 of the
advanced useysheck this information even if is not their main reasofor opening
Carat. This was very predictable since this information is on the opening screen of

Carat Thereareno major differences between beginners and advanced users.

Slightly over 10% of theresponderst (11% of the beginners and 22 of the advaned

user$ selected checking the hog and bug reports as their main reason for opening Carat.
About half of theresponderst did check these screens, advanced users more often
(56 %) than the beginners (48). Advanced users check hog and bug reports equally
often, but beginners seem to be more interested in hog repofs) 6dn bug reports

(46 %).

Part of tlesedifferences might be due to beginners not seeing any personalized data at
first. Nonetheless, ven before Carat has received enough samples tabhe to
calculate actual results from a given device, it can show a list of problematic
applications on the hog report. Bugs, however, are specific to an instance of an
application, and therefore there is nothing on the bug report before personalizied resu
have been calculated. This might explain why advanced users are equally interested in

hog and bug reports but beginners are more interested in hog reports.

The actions Carat suggests on the opening screen are killing and restarting applications.

As killing is suggested for hogs, and restarting for bugs, one might expect to see more
restarting applications in the adwtnoced
significant difference in killing application hat was the case, 34 of beginnersaand

30 % of advanced users reported killing applications, aPtld& beginners and 1% of
advanced users restarting thefe reason why theris more killing than restarting

applications is most likely due to the difference between the amounts of ltbigagm
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Sending data to server was the second most popular reason to open Céraif (B&
beginners and 2% of the advanced usgrsThis was more important to beginners,
whichis probablylinked to the fact that new users are instructed to open Cieeat o

order to receive results based on applications running on their device. Sending data
happens automatically when Carat is opened; therefore it was not an option when asked

what the user usually does when using Carat.

Someresponders also statkthat they do nothing when they open Carat. This option

was selected by 5% of the beginners, and 26 of the advanced uselsis fairly safe

to assume that in these cases, the only reason to open Carat would be to send data to
server. The factthatthept i on was more than twice as con

as in the advanced usersodé group supports th

The biggest differences between beginners and advanced users were found in checking
the 3Score.Of the advanced users, ¥ listed it as the most important reason for
opening Carat, and 3% of them check iusually when they open Car&wr beginners,

these numbers were significantly smaller. OnBg6 6f them listed it as the main reason

for opening Carat, and 36 of them clecked it. The fact that Carat dasst show the J

Score before personalized results have been calculated explains only a small part of the
difference. It seems thaincethe user has become more acquainted with Carat and
knows what applications are causpr@blems, the information about those applications
stars to lose its attraction. Thesompetitiveand gamdike features like the 3Score

might start to feelmore interesting.

Carat also shows a list @il running applicationslt is the main reason favpening
Carat fo 4 % of the beginners and% of the advanced userk is usually checked by
16 % of the beginnersnd 15% of the advanced userSarat doesiot offer any actions
that can be taken with these applications, or any information about hmk they

affect the battery.
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4.5 Frequency of opening Carat

In the survey, the respondents were also asked how often they have opened Carat during
the previous mont h. The opening frequency
group than in the advancads er s 6 g r oA pumrhatyloKthedrgsponses is

presented ifrigure9.

Frequency of opening Cara

50

40 | O Beginners ]

35 —
30 —
25
20
15

e — b

Once per 2-3 times About once Couple of About once Several
month or per month per week times per perday times per
less week day

B Advanced users

% of the respondents

Figure9: Summary of responses to the survey gties éHow often have you opened Carat during the

past monthé [ALK14]

It was quite rare fothe advanced users to open Carat more than once a déag)(ot

slightly over 25% of the beginners did thaAlso opening Carat about once a day was

more commonit he begi nnémnsdhgnoumpm (H48 ad¥anced u:¢
Hence, over two thirds of the beginners open Carat at least once a day but les#f than h

of the advanced users do gacordingdy, all the other options stating a rafeequency

of openingCaratare more popular among advanced users.

One can find several reasons for these differer@es.is that beginners are eager to get
new results, and therefoveant to send data often, and also check oft¢here is any

new infomatonam any of Caratdés screens. Another e
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already know what Carat would show them, and have learned to manage their battery
without much help from Carat [ALK14Whatever the reasons are, this shows that the

Carat use beavior does change over time.

4.6 Learning to manage the battery

When we made the decisiam how to divide theresponderst into beginners and
advanced users, we compared the duration of use to how wedishenders claimed

to understand how Carat worke Figure 10 one can see how these two groups

answered to the questitnHow wel | do you understand how
How well Carat is understooc
40
% 35
c
3 30
c
8 25 —
(%]
2 20 _
g 15 O Beginners
S 10 W Advanced users
X 5 _
SO .
1 2 3 4 5 6 7
Not Very
at all well

Figurel0: How well Carafs understood

We alsotestedhow the actual battery life improvement shows in these two groups. We
found out that there is a significant positive correlation between the duratiCaraf

use and the percentage of battery life improverakatvn in Carat Igs[ALK14]. These
results indicate that the battery life of advanced Carat users has improved significantly

more than that of the beginnefis finding is in line with previous workJIS13.

We conducted a correlation analysis between the responses tudéistiom How we | |

do you under st an dnd how wfterCtiaeglan tochaoge their phine,

(
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and found a significant negative correlatiphLK14]. This result suggestthat the
responderst with better understanding of how Canairks need tocharge tleir phones

less often.

There was alsa strong positive correlation between hoften theresponderstfollow
Car at 6 s sanddhgwenelt thepay theyunderstand how Carat work&LK14] .
This indicates that how well the user understands how Carat Wasks positive impact

on how often the user follovsiggestionsnade by Carat

It seems that theesponde 6 behavi or c h & is gossible thathist i me a
changeis due tolearnhg to manage the battery bettas understanding Carat better

seems to be linked to better battery l#ebetter understanding of Canaas also linked

to following the suggestions made by Carat, but as we see next, there are some

problems linked with ta suggestions Carat makes.

4.7 Willingness to follow s uggestions

Since one of the main features of Carat is to give suggestions about killing and
restarting applicationsve wanted to study howesponders reacted to thenWe asked

them how often they follow suggestions, and what are the reasons whelo thaty

4.7.1 How often the suggestions are followed

We asked the responderttew often theyf ol | ow Car atoblsllingsomggest i
restaring applications On average, beginners and advanced users seem to follow
suggestions equallyften[ALK14]. A summary of the responses can be sedfigare

11
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Follows the suggestions

25
v) .
= OBeginners
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g m Advanced users
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every time

Figure 11. How oftenthe respondens follow suggestions

However, the responses to this question are somewhat different in these two groups.
Beginners selected more ofténl Neovfe® 0 Al mo st thawtheragvanced me 0
user. The most selected option for advanced usersfiviagand over half of them
selected a value frofi 4 @ i 6.0r'he variety among beginners and the consistency
among advanced users might indicate that advanced users understandyésticg)
better, and therefore make better evaluations of when to follow a suggestion and when

not to follow one.

4.7.2 The reasons for not following the suggestions

As shown abovethe respondestdo notalways follow the suggestions Carat gites
them. Thereare various possible reasons for that. dralerstand these reasons, we
consideredvhat these reasons might be, and askedetsigonderst to pick the ones that
they feel are most appropriate. They were also given a possibility to write their own

reasonsFigurel2 shows a summary of their answers
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Reasons for not following suggestion

Wants to keep the application
running

Not sure what happens if the
application gets killed

Other @ Beginners

B Advanced users

Always kills the applications
when suggested

0 10 20 30 40 50 60 70
% of the respondents

Figurel2: Reasons whythe respondensg ignore suggestions to kill applicatiofaLK14]

The majority of responden{®8% of the bginners and 6% of the advanced users)
stated that they want to keep the application running, even though they are aware that it
drains the batteryMany responderst (27% of the beginners and 28 of the advanced
users)also reported that thedo notkill the application because thelp notknow what

would be the consequences of killing an application.

The mostfrequentlymentioned reason in the frgext field i Ot hwas the fact that
Carat also suggests killing applications which will restart trigfier killing them
fSome of the suggestadpsare not killable because they auto restamany of these
applications are system applications that the mobile device needs to have alinthieg
time. The system applications were also mentioned sepgras something thahould
not be killed, and therefore threspondenhasnot even tried it iSystemapp so can't be

killedo.

Some beginners aralso one advanced user also mentioned that Carat nloegive

them any suggestions to followvTo the besbf my knowledgd, havent been asked to



kill an app which, by the way, I'm dying to @doTheseresponderst had most likely so
recently started using Carat that Carat hatlyet had enough time tgive them any

results that could be shown as suggestiddsme responderst, especially in the
advanced user group stated that killing applications doesake a very big difference,

and therefore thegid not bother doing itAEstimated battery improvement is miniroal

These results show that often Carat sugigeactions that theespondenis not willing to
take, the potential benefit is very smady taking those actions would lmempletely

uselesskr om t he user 6s

p er s p esbauld nobe,in tree disted

of

all. It alsobecame eviderthat the information about expected battery savings is useful

to the user, who can base the decision on whether to kill an application on ticdt.

4.8 Situations when Carat is opened

In order to understanith what kind of situations theesponderst open Carat the most,

we gave thm a list of possible situatiorend asked to select the one that best describes

their behaviorFigure13 shows a sumary oftheseresponses.

60

50

40

30

% of the respondents

o

Situations when Carat is opene

— D@Beginners

—— mAdvanced users

Regularly, as a routine

When | have extra time
(e.g. sit in a bus, waiting
for something)

When | happen to
remember

Figurel3: In what kind of situationghe respondens open Carat

t
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According to the responsealmost halfof the responderst (46% of the beginners and

49% of the advanced usergpen Caratvhen they happen to remempand it is the

most common reason for bogmoups However, six advanced usersdcénat they have

set it to run automatically and another three advanced users stated that they open Carat
whenthere isa specific problem withthe batteryor when the phone is slow. We can
conclude from these results that the situation in which different types of users open

Carat does not vary much across different categories of users.

4.9 Changesin device use

Since using Carat longer improves bayt life over time [OIS13] there should be
differences between beginners and advanced users on how they use their mobile
devices. We agldthe respondentwhat kind of changes in behavioryHsave detected,

and also see whethee can find any differences the log data.

4.9.1 Reported change

We wanted to know howhe respondestview the changehatusingCarat las caused

them to make. Wasked them howhey thinkCarat has changed the way they use their
device, andlisted the changes we thought would be probable, @sd gave the
respondent possibility to write free texOf all the behavioral change options given,
advanced users selected them more often than beginners. Accordingly, beginners
selected the optiof | t h a s n 6 more oftea (2o thai the advanced users

(18%). Figurel4illustratesthe answers given to this question.
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Changes in behaviol

Stopped using applications, replaceI ! !
with similar ones
Kills running applications more ofte #

Uses hogs and bugs le:

Stopped using applications, not replaceg
functionality

Restarts applications more ofte ; mAd d
vanced users

It hasn't changed F—‘—‘
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% of the respondents

@ Beginners

Figurel4: Sunmary of responses to thguestiondn what ways using Carat has changed the way you

use your mobile phonegZALK14]

The two most selected options for advanced users ilehave stopped using some

appsand replaced them witeimilar one® (39%) andfil use somepps(hogs and

bugs) les8 (32%). For beginners, these numbers weré2@and 20%, respectively.

The beginners reliechainlyon Car at 6 s suggestions of kill.i
often (28% of beginnerdut ako 29% of advanced usersince there are less bugs

than hogsrestarting applications more often is not very compirt again, advanced

users do this mor@l0 %) than beginner& %). Here we have to remember that at first,

Carat doesot show any bugs while it may suggest killing hogs which may explain part

of this difference. The advanced users also selected the dptizeve stopped using
someappsand | have not replaced their functionality with any otherdapignificantly

more often(27 %) than the beginners (28).

Most responderst did not report any other behavigrchanges tharthose that were
givento them as options, and there were not many comments on the free text field. One

respondentid not stay at the application level: [| changed to a custom rom because
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of bugged vendoapp®, and onerespondenstated he doesot install applications as

carelessly as earlier.

According to these resultadvanced users have reported significantly more behavioral
changes than beginnersloreover, the changes advanced users have made, include
avoidingusing problematic applications more often than the beginners. The beginners
rely mostly on suggestions made by Carat. This finding suggests that in time, users
learn which applications are ngood for the battery, and therefore find ways to use
their device mre or less without these apg@itons.This might explain why the battery

life improves over time the longer the user has been using [Cag&L3].

4.9.2 Changes according to the log data

The Carat log data gives us, e.g., information of what applications are running when a
sample was taken, and when an application was reported to be a hog oBadaagon

these data, we examined if the information about an application being a hog or a bug
affected how much it was usetihe calculations about the use reductions are explained

in more detail in [ALK14] and a summary of the results is showiable3.

Category % of hog/bug Hogs % Bugs % Others %
applicationsthat | reduced reduced reduced

were reduced

Beginners 64.3 36.50 23.48 11.51

Advanced userg 67.2 46.35 30.12 24.14

Table3: The grcentage of hogs and lmys that the participans reduced the use of, and the reduction
percentages,after the first time the participant gota report on them Part of thistable has been
publishedearlier [ALK14]

We found out that botlgroups reduced the use of problematic applications after they
were reported as being hogs or bugs. Beginners reduced the use @ 6#Bese
applications, and advanced users &3.2f them. We also calculated how much the use

was reduced by studying hawuch the application was used before it was reported as



35

being a hog or a bug, and how much it was used after that. The use of hogs was reduced
by 36.50% in the beginners group, and by 46%5n the advanced users group. The

use of bugs was reduced by £8%, and 30.126, respectively.

We also studied if there was a change in other applications than hogs and bugs. We
found out that beginners had reducest of these other applications by 11%Jland

advanced users by 24.%4.

Next, we comparedhese results to find outthere was a significant differenbetween

the two groupsWe learned that the advanced users had reduced the use of hogs
significantly more than beginners, bthe difference was not significantvhen
comparing theedudion o the use of bugsAdvanced users had also reduced the use of

other applicationghan hogs and bugsgnificantly more than beginnef#\LK14]

These findings back up the results that were acquired in the survey about advanced
users reducing the use of plemmatic applications more than beginners. In addition to
using less hogs and bugs, advanced users also seem to cut down the use of all kinds of
applicationsEven though these applicatiods notuse energy above average, they still

use it. When combininghese results with the fact that advanced users open Carat less
often than beginners, it seems clear that advanced users have learned to manage their

batterybetter, and theglo notneed much help from Cartat do that.

4.10 The respondents' c omments on Carat

Therespondersthad a possibilityo give their comments on what they specifically like
about Carat, and what suggestions for improvement they ing. 20.6 % of the
respondents submitted a reply to these quesfidbkK14], advanced users more (21.5
%) than beginners (19.3 %)he alvanced users gave positive feedback somewhat more
(8.6 %) thanthe beginners (6.4 %), and they gave significantly more suggestions for

improvement (18.3 %) than the beginners (8.48é¥Figurels).
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The respondents' comments

I
Suggestions for
improvement
Acknowledgements O Beginners
B Advanced users
I
0 5 10 15 20

% of the respondents

Figurel5: Types of free text comments

4.10.1 The most liked f eatures of Carat
The respondents were asked to specify wdratthe aspects about Carat that they
speifically like. A big portion of the comments did not address any specific features,

but many also specified what they liked about C@a¢Figurel6).

Most liked features of Carat
[ | |
Hog and Bug Report B
JScore
Concept, simplicity and
lightness
Actions tab
O Beginners
Running applications ;l B Advanced users
[
0 1 2 3 4
% of the respondents

Figurel6: Most liked features of Carat

The hog and bug reports, which can be seen as the main content of Carat, were

mentioned often in both beginnersdé and ad\



37

important theyseemed to béor the beginners. For the beginners, the hog and bug
reports were the most liked features @arat with 2.%6 of them, and anong the
advanced users, 199 acknowledged thesefulness of these two featurékthink the
best info is the bug or bad behavioupps. Nice to see what apps are causing

problems.} and"l find the reports really help me improve battery life

For the advanced users, the feature mentioned in the comments most offéh (&S

the 3Score i T h-&cord is a great way for comparingbag¢ r y | i f e with ot he
The interest for the-3core is only a small portion of that among the beginnerg49.9

Our previous findings about the importance of ti&cdre in reasons for opening Carat

and in actions taken when Carat is o@ee, consistent with these resu[sLK14]

The concept of Carat is mentioned in both groups, somewhat more in the group of

advanced users @) than the beginners (1%); howit is university based and reliable,

it is simple and easy to use, and it doesuse much battery itselALK14]: il f e e | it
really professional at wdn t it does, sifeatures b digeréetly dbes thes t i t
j ob. I |l ove the fact it has academic origi |

making me recommend it for i e;rambdéi [ €ar at ] j ust wor ks with
i t s dheffactdhat Carat doemot kill applications by itself but gives the user the

controlwas also mentionedt Thank you for not being a task

Many respondents liked the fact that theggestions give a possibility to Kill

problematic applications within CardALK14]: A [ T] he actions tab F
accessible information and [the] diy to kill the appsf r om t he tab i s a n
Even applications that did not stay killed gave some respondsgat@nt information:

fil have found it usefubtsee which appsrocessesre constantly restarted by buit

[...] softwaredo [ALK14]. Some also mentioned the ability to view all running

amplications from Carat as a useful feature.





























































































