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ABSTRACT 
 

Context. The mental effort spent by a user to identify an important email from the 
email notification is considered significantly high or impossible. A user must enter the 
email application to determine the type of email they have received. To let the user 
identify the type of e-mail via smartphone notification, micro-interactions are utilized. 
The augmentation in UX of the email notifications is then tested w.r.t the modifications 
made to the micro-interactions. 
Objectives. This study explores the micro-interactions in an e-mail notification of a 
smartphone where there is modification of the micro-interactions required. These 
modifications are implemented on utilizing the design principles and usability 
heuristics from the existing literature. With this implementation, the augmentation in 
user experience of the modified design is determined. 
Methods. On conducting a systematic literature review, the experimental design of 
micro-interactions is prototyped. These prototypes are subjected to user interaction by 
conducting interviews that include performing certain tasks on the prototype and 
obtaining the user’s perspectives concerning usability with an SUS scale. The collected 
data is analyzed to attain evidence on increase in user experience. Then this data is 
tested for statistical significance to prove whether the theory and evidence reinforce 
each other. 
Results. User interviews resulted in 100% of the users being able to perform the tasks 
successfully during the interaction with the prototypes. The modified design of e-mail 
notifications achieved the task performance time that is far lesser than the time 
consumed by the user for the existing design. Meanwhile, the SUS scores for the 
modified design of micro-interactions w.r.t the existing design achieved the best 
imaginable score which reflects the rise in user experience of the e-mail notifications 
on a smartphone. On analyzing, these achieved scores proved their statistical 
significance of the claim of increase in UX. 
Conclusions. This research concludes the decrease in cognitive load in the e-mail 
notifications of a smartphone by effective application of design principles in micro-
interactions. Regardless of the increased number of email arrival on a device, a 
smartphone user can now identify the important e-mails on a smartphone directly from 
the email notifications. Following the Google’s Material design principles resulted in 
increased user experience of e-mail notifications on a smartphone. However, future 
work in this area requires the evaluation of the future design trends which are then 
applicable to the system. 
 

Keywords: Micro-Interactions, Smartphones, e-
mail notifications, User Experience, Human 
Computer Interaction. 
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1 INTRODUCTION 
 
Micro-interactions are contained product moments that revolve around a sole use case- 
a tiny piece of functionality that only does one thing. These interactions are tiny 
moments that can be pleasurable and engaging or dull and forgettable [1]. Research 
states that utilizing the micro-interactions in smartphone applications significantly 
improves the User Experience (UX) for smartphones [2]. However, the UX is affected 
positively or negatively by the way of applying the concept of micro-interactions [3].  
 
In 1974, an engineer named Larry Tesler introduced a word processing application 
named Gypsy for which he launched easy interaction with the application by making 
use of mouse and the GUI. This feature later led to the development of a new 
application named Bravo in 1976. The first WYSIWYG document preparation 
program which used the keyboard for shortcuts such as when a user presses I or R in 
the keyboard while using the application, it enters Insert or Replace mode [1], [4]. This 
was the base of micro-interactions being first observed in the field of Human-
Computer Interaction. Micro-interactions are not primarily focused when the user 
looks for a product but these micro details make the interaction with the computer 
more easier, fun and interesting while enriching the user experience [1]. 
 
The aim of this study is to decrease the user cognitive load and increase the UX of 
email notifications on a smartphone by utilizing the micro-interactions. This is made 
possible by identifying the upgradable micro-interactions in smartphone e-mail 
notifications and evaluating the modified design and existing design w.r.t user 
interaction. 
 

1.1 Background & Context 
 
The present state-of-the-art of a smartphone’s e-mail notifications has been consistent 
and there is absence of any update with respect to the evolving trends of the market. 
The user agent interface was first utilized for e-mail notification adoption in the year 
2006. While the adoption of the user agent interface of e-mail notifications was 
researched, various factors such as usefulness, enjoyment and ease of use was focused 
[5]. The categorization of the important content in the notifications is not done 
resulting in the user receiving too many disruptive notifications than they can handle 
[6], [7]. Though notifications are valuable to the user in conveying important or 
relevant information, they cause interruption to the user. Regardless, there is no proper 
research on how users accept and experience the content of mobile notifications [8], 
[9].  
 
In accordance to this thesis, the areas of micro-interactions are: the unread mail count 
on the application icon without any reflection on the type of mail received and 
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displaying of a mail arrival on the lock screen of the mobile phone without any 
classification of the mails. Meanwhile, the number of mail arrival on a user’s 
smartphone is on a rise due to an increase in spam and promotional mails which a user 
usually tries to avoid [10]. These mails intervene a user’s capability to identify an 
important e-mail from hundreds of mails that arrive daily [11]. Gmail’s mail 
classification system uses several signals to automatically mark an email as important 
or not important [12]. Every leading email service has implemented the mail 
classification of important emails with the labels such as Focused mails, Priority mails 
and Important mails.  
 

 
Fig 1.1: Representation of Important mail indication on Gmail©. 

 
In this rapidly developing market trend of smart devices, it has become essential for 
an e-mail application to sort an e-mail in a smartphone notification. The spam filter 
mechanism that an e-mail management possess does not work on the e-mail 
notifications. On this context, this thesis emphasizes certain modifications in micro-
interactions of e-mail notifications in a smartphone that could substantially improve 
the design to depict an increase in the UX. 
 

1.1.1 Motivation 
 
As per the Litmus e-mail analytics conducted in March 2016, 55% of the population 
view their e-mails on smartphones, 26% on webmail and 19% on desktop. While, e-
mail being the Number 1 popular activity on the smartphone with 78% of the 
population check their e-mails on Smartphones as per IDC and Facebook – “Always 
Connected” (2013). The Radicati Group “Email Statistics Report, 2014-2018” has 
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predicted: By the end of 2018, worldwide mobile email users are expected to total over 
2.2 billion [13].  
 
The need to modify the micro-interactions in e-mail notifications persists as the present 
state of assumptions that drove the designs of early systems no longer hold due to 
increased number of e-mails on a users’ smartphone. For this identification, regular UI 
system researches must be performed [14]. Tilo Westermann differentiates good 
notifications and bad notifications in a mobile by identifying the notification heuristics 
and user receptivity. His work also describes the importance of the notification design 
concerning the psychological needs of a user that strives for a better human-computer 
interaction [9]. 
 
E-mails are asynchronous which made the researchers believe that categorizing or 
recommending priority mails may not work well [15]. Nevertheless, the advanced 
modification to the e-mail management systems by various companies made e-mail 
categorizing work effectively. One of such is the important mail categorization by 
Gmail© [12].  
 
Email categorization has been extensively studied but their outputs have not been fully 
utilized for important problems such as improving ads quality and improving users’ 
email experiences [16]. This is focused in many researches and new algorithms for 
identifying e-mail genres for effective categorization of e-mails has been receiving 
more attention [17], [18], [19]. However, this is not utilized in the e-mail notification 
design of a smartphone but only inside the e-mail application providing us a scope of 
development in the notification area for the categorization of e-mails.  
 
The time taken by the users to interact with an important notification is shorter than 
the notification that is not considered important [7]. This makes it essential to save the 
mental processing time of the user to identify the type of e-mail received by showing 
adequate amount of data required [15], [20]. 
 

1.1.2 Problem Formulation 
 
The interaction or response time for a smartphone notification is high and is tested in 
an experiment conducted by Giang, Wayne C.W. et al. over smartwatches. This is 
caused due to the rise in the number of notifications and their respective cognitive 
loads for accessing these notifications [21]. Despite the obvious benefits of the 
notifications, there is an observation of smartphone notifications having negative 
affect on the user’s work. Several researchers claim that notifications often lead to the 
decline in work productivity due to the cognitive load, integrative ability and the 
amount of time required for user’s decision making in interaction [22], [23], [24], [25], 
[26], [27], [28]. 
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Based on a comparison between the notion of complexity in science and design, it is 
argued that science is not suitable for searching solutions regarding the design 
complexity to improve the interaction of a design. A design practice must be grounded 
in a fundamental understanding of the nature which can be developed into a well-
grounded and rich set of rigorous and disciplined design methods and techniques, 
appropriate to the needs and desires of practicing designers [29].On this context, the 
regular usage of e-mail on smartphones uncovered certain features that were 
investigated by naturalistic observation which did not provide satisfactory results 
concerning UX as they are supposed to be. By studying and examining the micro-
interactions involved in the e-mail application, there are multiple states in e-mail 
notifications where there is a requirement of redesigning the micro-interactions in 
researchers’ perspective. This requirement of redesigning is based on the presence of 
user cognitive load to identify an important mail from the application badge and the 
lock-screen notifications. 
 
Kathryn Whitenton defines the cognitive load imposed by a user interface, is the 
amount of mental resources that is required to operate the system. The cognitive load 
from a system cannot be completely eliminated but the designer can strive to minimize 
it to the least. There are two types of cognitive loads [30]: 
 

• Intrinsic cognitive load: It is the effort of absorbing that new information and 
of keeping track of their own goals. 
 

• Extraneous cognitive load: The processing of elements that takes up mental 
resources, but doesn't actually help users understand the content. 

 
In this research, the observed type of cognitive load is intrinsic on the user. The user 
spends their effort in identifying an important mail from the existing application by 
performing additional actions such as scrolling among all the unread mails. The 
specific observations made are as follows: 
 

1.1.2.1 Application badge of the mail count over the e-mail application icon 
 

In cases when the smartphone user receives too many e-mails, the inbox becomes 
fuzzy and the user may miss an important e-mail regardless of various e-mail 
management techniques in use. In a Conference paper by Suma T Et al. the researchers 
have stated that every day a user receives an average of 30-40 mails in the mail box 
which include some important mails, advertisements, promotional and may be few 
spam mails [10]. The design of the application badge has not been updated and is 
resulting in the decline of user experience by sending too many notifications a user can 
handle.  These too many direct conversations may lead to “notification overkill” and 
may result in users either tuning out mentally or opting-out altogether [6]. In many 
platform forums of Android and Apple operating systems, several users claim to 
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disable their application badge over the email application icon due to the enormous 
number of unread email count that cause a “notification overkill” leading to 
incapability of type of email received. A research also states that users tend to ignore 
the unread mail count regardless of the increasing number of unread emails [31]. This 
is another certain effect of notification overkill. 
 

 

Fig 1.2: Application badge over Gmail application with all the unread mails from the 
primary inbox. 

 
The micro-interaction in use- An application badge/mail count bubble; over the e-mail 
application icon displays all the unread e-mail number irrespective the importance of 
e-mails that exist in the primary inbox. On a study, a user checks his e-mail three to 
four times a day which encourages companies to send promotional mails [32]. The 
application bubble/badge of mail count over the e-mail application icon displays all 
the Primary mail count without any classification of mails as depicted in the Fig 1.2. 
Important/Priority mails are the e-mails which are marked important as default due to 
direct addressing of the recipient from the sender.  

 
On understanding the principles of micro-interactions, the e-mail count in the 
application bubble/badge is to simplify user’s action and limit the user’s goal (to 
identify an incoming e-mail in this case) [1]. The present application bubble/badge on 
the e-mail icon’s goal is to display the number of e-mail notifications. Due to the 
increased number of mails in the mail box, it is essential to differentiate important 
mails from the rest of the mails for which the micro-interactions come to use.  
 

1.1.2.2 Mail classification on smartphone lock-screen 
 

Smartphone’s lock screen collects notifications of various applications on 
smartphones. Unless the e-mail notifications are set to top priority list (to display e-
mail notifications on top of the notification list) the e-mail notifications are embedded 
in the rest of the notifications. As the notifications on the lock screen do not prioritize 
which mail notification to display as observed in the Fig 1.3, it becomes problematic 
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for the user to identify an important e-mail notification among other notifications. This 
increases the user cognitive load which results in decrease in usability of the product.  
 

 

Fig: 1.3: Smartphone lock-screen with e-mail notification embedded among other 
notifications without classification or indication of the type of e-mail received. 

 
On a study on the usage of smartphones, Hendrik Müller et al. have found the usage 
of smartphone on a daily basis consisted of 66.3% e-mail related activity: reviewing 
and triaging activity. While the actual sending and replying an e-mail is just 30% [33]. 
Benjamin V. Hanrahan et al. have worked on a research to study how users attend the 
emails on a smartphone. This study uncovered that smartphone users attend the emails 
primarily based on notifications, instead of the number of unread messages in their 
inbox [31]. 
 
In times when there are too many emails received, a user might also miss an e-mail 
which may contain important information. Recent studies claim that cases of missing 
e-mails due to technical reasons and loss of e-mails due to the amount of overhead is 
0.5-1% [34]. The risk of missing important emails can be reduced by eliminating the 
user effort to identify the type of email received. The decrease in effort for the user in 
e-mail identification can be done by labelling the categorized email based on the 
priority of the email that is predicted by the email classification systems [11].  
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In 2011, Wainer et al. found that inbox-level cues such as importance indicators as 
well as curiosity, influenced users’ decision to attend to emails [35]. This ultimately 
implies the importance of mail classification in e-mail notifications on the lock-screen 
of a smartphone that provides a time efficient e-mail access to the user.  
 

1.2 Aim & Objectives 
 
This thesis is aimed to modify the micro-interactions of an e-mail notification on 
smartphones and to detect if the User Experience(UX) is augmented.  
 
The augmented UX is determined by initiating with development of an interactive 
prototype of the e-mail notifications with modified micro-interactions based on the 
design principles from the existing literature. Which is further subjected to obtain user 
opinions on the redesigned e-mail notifications by making them interact with the 
interactive prototype via interviews. 
 
The last step is to analyze the extracted answers from the users and utilize them to 
contrast the modified design with the present design in use to synthesize an evidence 
for the possible increase in user experience. This process is described in detail by 
answering the thesis questions in the following Section 1.4. 
 

1.3 Thesis Questions 
 
In the context of designing and evaluating the prototype of modified micro-interactions 
of e-mail notification in a smartphone, following are the thesis questions framed: 

 
RQ1. How are the usability heuristics utilized to redesign the micro-interactions of 

e-mail notifications in a smartphone?  
RQ2. What are the users’ all-knowing point of view concerning usability of e-mail 

notifications on smartphones? 
RQ3. How are the redesigned micro-interactions from RQ1 tend to increase the UX? 

 

1.4 Scope & Limitations 
 
Knowing the importance of e-mail on a smart device, this thesis was framed to improve 
the existing micro-interactions in the e-mail notifications of a smartphone. This 
experimental improvement proposed is purely based on the existing design principles 
studied from the literature review while tallying the positives in implementing them. 
The evaluation of the design is done by conducting user interviews to study the change 
in the UX. However, there is no estimation on how a person’s opinion might vary in 
the passing time. Though the micro-interactions of e-mail notifications on a 
smartphone are modified according to the existing design principles, a better approach 
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is certainly possible due to the evolving market trends which cannot be in the scope of 
this thesis. 
 
The construction of a high-fidelity prototype is an internal validity threat on time as it 
is the art that demands expertise in User Interface(UI) design to build an exact replicate 
of the UI of a smartphone. From the allocated time restraint of 20 weeks for the thesis, 
it is a challenging task to consider the high-fidelity prototype for the research. 
However, the prototype of the device is carried out in a PC tablet via a third-party 
software rather than a real-life smartphone implementation as the time constraint 
doesn’t satisfy to code the exact notification design for the application. The opinions 
of the interview audience concerning the modified design are the external validity 
threats which act as limitations due to opinions of limited audience. The selection of 
audience for the research represent the entire population of users who interact with e-
mails on smartphone on a regular basis. 
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2 WHAT ARE MICRO-INTERACTIONS? 
 

Micro-interactions are the functional, interactive details of a product, and details, as 
said by Charles Eames aren’t just the details; they are the design [36]. These details 
can make engaging with the product easier and more pleasurable while some can be 
dull and frustrating. There are Micro-interactions in most of the products we interact 
in our everyday life, may that be with household items or electronic gadgets. Even 
though we’re surrounded by micro-interactions every day, we don’t usually notice 
them until something irregular happens. But micro-interactions are, despite their small 
size and near-invisibility, incredibly important. The combination of well-designed 
micro- and macro- (feature) interactions is a powerful one [1]. 
 
A smartphone has various interactions which are classified into macro and micro-
interactions. Macro-interactions are the primary features of a design which are 
complex (multiuse case), time consuming, and cognitively engaging; E.g.: battery 
level indicator. Micro-interactions on the other hand are simple, brief, and should be 
nearly effortless [1]; E.g.: a pop-up window when the battery is low. Micro-
interactions are often not concentrated or not focused by the user when purchasing a 
smartphone, but it is an essential feature that facilitates good user experience.  
 

2.1 Structure 
 
Micro-interactions are structured in 4 parts or meta rules: Trigger, Rules, Feedback 
and Loops & Modes. These parts together comprise the functioning of a Micro-
interaction. 
 

 
Fig 2.1: The structure of Micro-interactions [1]. 

 

2.1.1 Trigger 
 
It is the first part of Micro-interaction. A trigger can be user-initiated or system 
initiated action i.e. a user should perform a certain action, or the system detects certain 
conditions for the Micro-interaction to function. Many Micro-interactions commence 
based on the user needs: what, when and how the user wants to accomplish a task. This 
determines the affordances, accessibility, and persistence of the trigger. Digital or 
physical controls are the most important part of user initiated triggers. That provide 
not only the ability to engage with a Micro-interaction (and sometimes the ability to 
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adjust it while in progress), but also the visual affordance of the Micro-interactions 
[1].  
 
An example of a trigger would be pressing of a volume button on a smartphone (user 
initiated) which triggers the action of adjusting the volume. A system initiated trigger 
is detection of battery level of a smartphone to keep the user updated.  
 

2.1.2 Rules 
 

Once the triggering of the action is done, the Micro-interaction begins. That implies a 
certain functioning is carried out by the device on following a set of instruction or 
rules.  There may be a single rule or multiple rules that process the Micro-interaction. 
In applications or electro-digital devices, the rules are hard to understand unless there 
is a specific piece of feedback. The rules are invisible and run in the back-end of the 
product [1].  
 
An example of rules in Micro-interaction: on pressing the volume down button in a 
smartphone the volume of the smartphone should be lowered (Macro-Interaction) 
while the screen displays the volume lowered indication (Rule). 
 

2.1.3 Feedback 
 

The third part of micro-interactions is feedback. Anything that can be seen, heard and 
felt to help the user understand the rules of the system is feedback. Feedback can yield 
in many forms: visual, aural and haptic (vibrations). It can have its own rules such as- 
when to appear, how to change colors, how to rotate the screen when the user turns a 
tablet on its side. These rules may themselves become their own micro-interactions, as 
users might want to adjust them manually as a setting [1]. Feedback is an important 
part of a micro-interaction as it conveys a feature to the user by following the rules 
within. 
 
A blinking of a notification light on the smartphone is an example of a feedback in 
micro-interaction that conveys a user on a new notification even while the screen is 
turned off.  
 

2.1.4 Loops & Modes 
 

These are the last part of the micro-interaction that delivers the condition of the micro-
interaction after they are completed i.e. they must be manually turned off or expire in 
meantime, etc. Loops are the conditions that can happen more than once based on the 
circumstances. E.g.: Application badges in smartphone which do not disappear until 
the updates are viewed or the feature is manually turned off. A mode is a fork in the 
rules, and for micro-interactions, they should be used very sparingly. The best reason 
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to have a mode is when there is an infrequent action that would otherwise clutter the 
micro-interaction’s main purpose [1]. An example of a Mode is Select mode in the 
Photo gallery of a smartphone that allows only selection of photos when activated.  
 

2.2 E-Mail Application Badge on a Smartphone 
 

 
Fig 2.2: Application Badge over an e-mail application (Gmail©) on a smartphone 

running on Nougat - Android Operating System. 
 
The micro-interaction here is the application badge over the e-mail application icon on 
smartphones. The goal of this micro-interaction is to display the number of unread e-
mails in the red bubble over the e-mail icon to notify the user about unread mails. 
Classifying this feature into the meta-rules: 
 

a. Trigger: It is a system initiated trigger that activates the micro-interaction. On 
receiving an e-mail in the account connected to the e-mail application in the 
smartphone, the red bubble on the e-mail icon displays a certain number of 
unread e-mails. This number is updated every time a new e-mail is received. 
The user can operate the trigger by a digital control on entering the settings 
mode of the notifications.   
 

b. Rules: The rules identified are as follows: 
• System detects the received e-mail. 
• On receiving the e-mail, red badge over the e-mail icon is updated with 

the number of mails received including the old unread mails. 
• User opens the e-mail application, reads the e-mail/s they ae interested 

in and exits the application. This action updates the red badge to the 
number of remaining unread e-mails in the inbox.   

• A user can also disable this feature by turning off the badge 
notifications in the notification settings mode. 
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c. Feedback: The displaying of the number of unread e-mails on the red 

application badge over the e-mail icon is the feedback for the system initiated 
trigger. The feedback here is in a visual format which conveys the user on the 
number of unread e-mails in mail inbox of the smartphone.  
 

d. Loops & Modes: The loop identified for this Micro-interaction is the duration 
of how long the red badge over the e-mail icon stays active. This loop depends 
on the user action of viewing the unread e-mails. Once the user views all the 
unread e-mails, the red badge over the e-mail icon disappears. The mode that 
gives the user to control over the micro-interaction is the “Notification settings 
mode”. While a user enters this mode, they can enable/disable the badge 
notifications over the application icons in the smartphone. However, some 
smartphones offer to control the notifications individually for each application 
while some act as a switch for all the applications.  

 

2.3 Smartphone Lock Screen E-Mail Notifications 
 

 
Fig 2.3: Lock-screen notification of Gmail© application on a smartphone running on 

Nougat - Android Operating System. 
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Displaying the notification on the lock screen of a smartphone on arrival of a new e-
mail is the micro-interaction observed. The goal of this micro-interaction is to let the 
user identify the new e-mail received. The comprised meta-rules are:  

 
a. Trigger: A system initiated trigger that displays the e-mail notification on the 

lock screen when a new mail is received. The user does not play any role in 
triggering the feature. The system back-end detects the incoming e-mail and 
triggers the Micro-interaction.  

 
b. Rules: The rules that guide this micro-interaction are: 

•  System detects the received e-mail. 
•  On receiving the e-mail, the lock screen displays a notification bar of 

the new e-mail. 
•  The notification displays the following content: e-mail sender name, 

e-mail subject, time of receival and the initial content of the e-mail that 
is limited to the screen size. This is sometimes not viewable when the 
user prefers the notification content to be hidden by choosing an option 
from the notification settings mode.  

•  On clicking the e-mail received (if there is a single new e-mail 
received), the user enters the editable mode to either reply or delete 
the e-mail straight from the notification.  

•  In case of multiple e-mails received, the user is directed to the e-mail 
application to view the e-mails on clicking the notification. 

•  The e-mails received are displayed in the form of a list and are user 
controlled (scrollable). 

•  The e-mail notification on the lock screen of the smartphone stays 
active until the user clicks on them or unlocks the smartphone. 
 

• Feedback: The feedback is displayed (visual) on the lock screen with a 
notification bar that contains the information on received e-mails. In cases 
when the user chooses “vibrate on notifications” in the notification settings 
mode of the smartphone, the feedback is in the form of vibration (sense of 
feeling) on receiving a new e-mail. 
 

• Loops & Modes: The lock screen e-mail notification stays active until a user 
clicks on the notification or unlocks the smartphone. The e-mail notification 
also provides user access to editable mode provide the option of replying or 
deleting the e-mail received. A user also has the privilege to disable the lock 
screen e-mail notifications by choosing the option in the smartphone settings 
mode. These notifications can be modified by the user to hide the sensitive 
content such as the e-mail sender name, e-mail subject or content, etc. by 
turning the hide sensitive content for the e-mail notifications from the 
notification settings mode. 
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With all these meta-rules combined forms a perfect micro-interaction. On using this 
knowledge, we identify the micro-interactions in the selected field of e-mail 
notifications in smartphones that we intend to modify. 
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3 RELATED WORK 
 
To enrich the user experience through modifying the micro-interactions, Markus 
Alesky et al. has researched on “Microinteractions in Mobile and Wearable 
Computing” exploring the importance of micro-interactions and the principles 
incorporated in designing them with existing designs in consideration. The researchers 
study the existing literature w.r.t the market trend of the application which helps them 
in identifying the improvable aspects of the micro-interactions. Then they have 
developed the new micro-interactions claiming the simplification of the tasks based on 
naturalistic observation. However, they haven’t tested the UX of the application after 
the new micro-interactions were introduced leaving a questionable user acceptance [2]. 
 
In the context of this research, there has been previous works on modification of 
smartphone notifications to avoid interrupting the user unnecessarily by utilizing the 
receptivity time of the notification. The similarity of notification augmentation to 
decrease the cognitive load is like our work at the point of categorizing the priority of 
the e-mail notification. The priority level of the notification predicts to alert the users 
when top priority notification arrives while rest of the notifications remain silent or are 
activated during a certain time than immediate notifying. The research contains an 
experiment to collect the user opinions by making them participate in a task to detect 
the notification type a user prefers during work. This is a successful research to identify 
the users’ perspective and design acceptance [37]. With a similar scope of study, a 
research in which a case study and an experiment was performed to detect interruptive 
notifications with an absence of user evaluation was uncovered [38]. Another work 
also involves a case study with experiment where a users’ task performance is 
evaluated, the evaluation is however based on the existing dataset of user input data 
[39]. An experimental model was built by Okoshi et al. to detect an interruptive 
notification in a research in which the model is evaluated by conducting user study 
with interviews that contained a questionnaire of NASA TLX WWL to calculate the 
task load on the model where our method differs in utilizing the SUS for an alternative 
in the interview questionnaire with the rest of the procedure to be similar [22].  
 
Improvement of micro-interactions has also been researched by Daniel L. Ashbrook 
in their dissertation which describes the importance of simplifying and reducing the 
access time and usage time of a micro-interaction. This work has been another example 
for choosing this topic for the research. The identification of the improvable areas in 
micro-interactions of a smartwatch to decrease the access time is studied. Then an 
experimental tool is built to implement the changes in micro-interaction w.r.t gestures 
which is followed by testing via user interviews [40]. A similar work was also done 
by Katrin Wolf et al. in a conference paper “A Taxonomy of Microinteractions: 
Defining Microgestures Based on Ergonomic and Scenario-Dependent Requirements” 
[41]. 
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Our method used in the UX perspective is most similar to the work by Jon Widén and 
Michelle Johansson which corresponds of building a prototype and using SUS scale 
for its evaluation by user interviews [42]. However, this work uses an iterative method 
for gathering user opinions on the prototype modelled and evaluating it. While our 
work is not an iterative method rather the prototype is built w.r.t the user perspective 
and design principles studied while evaluating it with the SUS scale and proving its 
statistical significance. 
 
This thesis is inspired from the approach of Markus Alesky et al. in identification of 
improvable aspects in applications by using micro-interactions [2]. There are no 
research articles yet, that particularly focused on decreasing the cognitive load in the 
email notifications by modifying the micro-interactions to improve the UX. Previous 
researchers have detected the disruptiveness and the problem caused by increased 
email arrival on a device and framed researches to simplify the email usage. These 
researchers are all framed with methods of experiment, case study and some include 
development of a model while evaluating the implementation with user interaction and 
task performance. However, they haven’t taken the visual email notifications in their 
observation leading to increased user cognitive load when multiple email arrival on a 
device. With various articles of literature and the existing situation of increased 
number of emails on a device, the scope of upgrade in the email notifications was 
identified.  The research method for this thesis was chosen by considering all the 
related works studied, as most of the researchers used development of a model 
justifying the problem and evaluating it by user task performance.  
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4 METHODOLOGY 
 
This research provides evidence for design preferences of users on micro-interactions 
of e-mail notifications in smartphones. On achieving the insights of users’ preferences 
on design, a UX designer can develop sustaining designs of e-mail notification that 
maintains improved UX. To obtain this result, the existing design of e-mail 
notifications in smartphones is redesigned and evaluated. As the primal focus of this 
research is to improve the user experience, it is necessary to collect smartphone users’ 
perspectives on the design of micro-interactions of e-mail notifications in 
smartphones. Marc Hassenzahl et al. states how vital it is extract the users’ opinions 
over a product to enrich the user experience of that specific product [43]. 
 
The addressing of the research gap can be answered by understanding the literature for 
the design principles and an experimental design followed by interviews of the 
smartphone users. Which Identifies the research method to be an Explanatory 
Sequential Mixed Method (refer Fig 4.) as it provides a stronger understanding of the 
problem or question than either by itself. A Mixed method is however a combination 
of closed-ended and open-ended type of data in consideration to the research questions 
[44]. The need of closed-ended data in this research is the literature review to obtain 
design principles for developing an experimental interactive e-mail notifications 
prototype and open-ended type of data is the smartphone users’ perspectives on the 
existing and redesigned micro-interactions of e-mail notifications in Smartphones. The 
open-ended type of data is collected by conducting an experiment that involves user 
interaction with the modified design prototype thru interviews.  
 

Fig 4: Explanatory Sequential Mixed Method [44]. 
 
The quantitative method required for this research is collecting data from the existing 
literature on the design principles that reflect the micro-interactions in smartphones 
and developing an interactive prototype of the design. The interactive prototype is a 
Minimum Viable Product (MVP), a product with just enough features to gather 
validated learning about the product and its development [45]. Gathering insights from 
an MVP which is used to run experiments is often less expensive than developing a 
product with more features, which increase costs and risk if the product fails [46] [47].  
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The systematic approach for this research is preferred over other experimental methods 
as a systematic approach can solve the seemingly unsolvable equation that reveals 
which parts of an application increase or decrease user satisfaction which is essential 
for the area of this research [48]. The methodology of this research is depicted in the 
figure below: 

 
Fig 4.1: Flow diagram of the research methodology 
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4.1 Systematic Literature Review 
 
The background study of how to conduct a research based on UX augmentation, 
prototype construction and evaluating it by performing user interactions is learnt from 
literature review. It is generally used for all existing information about some 
phenomenon in a thorough and unbiased manner. The literature review is conducted 
in a systematic manner on following “Guidelines for performing Systematic Literature 
Reviews” by B.A.Kitchenham [49]. It is a qualitative study that helps us attain the 
knowledge and gather significant material that reflects the research’s cause and goal. 
The material used for conducting this review are mostly research papers, e-books, 
conference papers, journal articles and webpages which are gathered from the 
following online sources: 
 

• IEEE Xplore 
• Google Scholar 
• ACM Digital Library 
• Springer Link 
• Nielsen Norman Group 
• Google- Android Developers | Design 

 
This literature study resulted in articles that describes the need for augmenting the 
micro-interactions in the e-mail notifications to decrease the user cognitive load. There 
were many articles extracted, that showcased the importance of improving the micro-
interactions for better UX such as articles with incorporation of hand gestures in micro-
interactions [41], [50]. Sonya Betz et al. have synthesized a journal article that focusses 
on improving the micro-interactions in handheld devices. This was done by applying 
certain frameworks w.r.t suitable heuristics according to the users’ psychological 
needs [3]. 
 
The importance of categorizing the e-mails especially w.r.t the important mails 
received on a user’s smartphone is considered crucial, this has been identified from 
numerous articles which are discussed in the Section 1.1. In addition to the problems 
faced by the users and the need for simplifying the e-mail notifications on 
smartphones, the design principles and methods on how to pursue this modification 
are also uncovered in this study. These design principles and usability heuristics of the 
e-mail notifications on smartphones are described in the Section 5. 
 

4.2 Experiment 
 
The goal of the experiment is to analyze the answers from smartphone users for 
understanding their opinions regarding redesigned email notifications on smartphones 
with usability and UX perspective. The context on which the experiment is done is an 
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interactive prototype. As the prototype is interactive, it is classified as a High-fidelity 
Prototype – a prototype with a level of interaction, visual, and/or content design that 
is similar to (or indistinguishable from) the final product experience [16]. This 
experiment is performed for two different scenarios: 
 

Scenario S1. Application badge of the mail count over the application icon. 
Scenario S2. Mail classification on smartphone lock-screen. 

 
The experiment is operated by building a prototype for each scenario and conducting 
the interviews with the smartphone users after they interact with the prototype. These 
interviews are conducted based on the satisfactory measurement – effectiveness and 
efficiency by using the System Usability Scale (SUS) [51].  

 

4.2.1 Independent variables 
 
The independent variables in this experiment are the micro-interactions in e-mail 
notifications which are in: 
 

• Present state-of-the-art: The micro-interactions which are used at present 
before the modifications. 

• Modified design implementation: The modified micro-interactions of e-mail 
notifications on smartphone.    
 

For each scenario: Application bubble/badges and lock screen notifications, these 
micro-interactions are redesigned w.r.t levels of visual aesthetics: color, shape, 
transition and layout.  
 

4.2.2 Dependent variables 
 
While the dependent variable is the User Experience(UX) that is affected on modifying 
the micro-interactions. This dependent variable is measured by using the Adoption and 
Task success metrics from Google’s HEART framework©.  
 

4.3 Interviews 
 
The data collection for the qualitative research is done by interviewing the smartphone 
users and transcribing the answers which is then subjected to data analysis. Qualitative 
interviewing is required as the ontological position suggests people’s knowledge, 
views, understandings, interpretations, experiences, and interactions which are 
meaningful properties of the social reality for which the research questions are 
designed [52]. The interaction of the users with the prototype can be facilitated by task 
analysis that is done by conducting interviews. Interviews are the means through which 
a qualitative research is performed. These interviews are framed as semi-structured 
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interviews performed face-face or in a telephonic method with the smartphone users 
who actively use e-mail on their smartphones. Semi-structured interviews are used 
when there is some knowledge about the topics or issues under investigation, but 
further details are still needed. The interviews are performed by firstly framing an 
Interview guide to maintain good quality as described by Chauncey Wilson, that 
include [53]: 
 
• An introduction to the purpose and topic of the interview. 
• A list of topics and questions to about the topic.  
• Suggested probes and prompts about the design. 
• Closing comments. 
 
The interviews are performed at any convenient location as the research does not 
require any lab material or non-portable equipment. However, the interviews are 
conducted in a quiet and pleasant environment to make the interviewee feel 
comfortable to respond to the questions.  
 

4.3.1 Interview Questionnaire 
 
On preparing the Interview guide, the questionnaire for the interview is framed. The 
number of questions are 10 irrespective of the introduction and background questions. 
As we intend to test the usability of the redesigned e-mail notifications, the interview 
questionnaire should reflect the questions based on the usability. These 10 questions 
are from the System Usability Scale (SUS). However, additional open-ended questions 
are required to obtain detail understanding on user opinions concerning the modified 
design which are questioned after using the SUS scale. These additional open-ended 
questions are data reduced from qualitative data to quantitative to provide the strength 
to the researcher’s claim to the adoption of new design features by the user.  
 

4.3.1.1 System Usability Scale (SUS) 
 
The System Usability Scale (SUS) is a simple, ten-item scale giving a global view of 
subjective assessments of usability of a product or a feature. These questions are forced 
choice questions, where a statement is made, and the respondent then indicates the 
degree of agreement or disagreement with the statement on a 5-point scale. SUS has 
proved to be a valuable evaluation tool for evaluating the usability of a certain system, 
being robust and reliable.  
 
Sauro et al. performed extensive analysis of the SUS by the data collected in their 
research to provide the following summary of SUS [54]: 
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• SUS is reliable. Users respond consistently to the scale items, and SUS has 
been shown to detect differences at smaller sample sizes than other 
questionnaires. 

• SUS is valid. That is, it measures what it purports to measure. 
• SUS is not diagnostic. That is, it does not tell you what makes a system usable 

or not. 
• SUS scores are not percentages, despite returning a value between 0 and 100. 

To understand how your product compares to others, you need to look at its 
percentile ranking. 

• SUS measures both learnability and usability. 
• SUS scores have a modest correlation with task performance, but it is not 

surprising that people’s subjective assessments may not be consistent with 
whether they were successful using a system. Subjective assessments of 
usability are only one component of the overall construct of usability 

 
The 10 questions from the SUS are [51]: 
 

1. I think that I would like to use this system frequently. 
2. I found the system unnecessarily complex. 
3. I thought the system was easy to use. 
4. I think that I would need the support of a technical person to be able to 

use this system. 
5. I found the various functions in this system were well integrated. 
6. I thought there was too much inconsistency in this system. 
7. I would imagine that most people would learn to use this system very 

quickly. 
8. I found the system very cumbersome to use. 
9. I felt very confident using the system. 
10. I needed to learn a lot of things before I could get going with this 

system. 
 
The SUS scale rating is performed only after the user interacts with the present state 
of design and the modified state of design. This provides the user to attain detailed 
knowledge about the aspects of design before they are evaluated. SUS scale is applied 
only on the modified systems and not on the present state-of-the-art because the 
usability score of the modified design is considered after the user understands the 
changes made in the present state-of-the-art. Initially a user may not understand the 
technical usability of a product and when they rate the SUS for the present state-of-
the-art. A user tends to modify results of the SUS later when they interact with the 
modified design as they prefer to rate the modified design higher after interacting with 
it. There are certain statements for present state and the modified where the user rates 
with 5 points but confronts that they prefer rating the modified design more as they 
feel certain features make modified design easier than the present state. This is a primal 
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reason why SUS score of a product is not compared with its successor version. The 
SUS scores of two different products with different features that provide same result 
can be compared as they do not interpret the user opinions on the design 
implementation. As this research focusses on evidence to show the increase in user 
experience of the modified system over present state of design, there is a requirement 
of comparative results such as task completion rate and time on task which the SUS 
does not calculate or prove as it is a definitive exercise and lack statistical significance 
[55]. This is satisfied by proving the statistical significance of the SUS mean score for 
the modified design.  
 
For acquiring these comparative results of present state-of-the-art and the modified 
design, there is a certain metric used which is further discussed in the Section 7.1.2. 
SUS approach is utilized to question from designer’s perspective to enquire about the 
Hedonic goals (characterization or consideration of pleasant or unpleasant feeling) and 
Pragmatic goals (understanding of things in a more realistic and practical manner 
rather than a theoretical way) of the user in using the e-mail application.  
 
The SUS scale scores are synthesized to attain the mean score which is known as the 
usability score and the design is classified into its best case per this score. The 
calculation of the SUS scores are described in detail in the Section 6. 
 

4.3.2 Interview Audience 
 
The audience chosen for the interviews are irrespective of gender, race and nationality 
with the age group ranging from 18-60 years. These audience are chosen by Stratified 
random sampling while grouping them by profession based on their e-mail usage on 
smartphones; referring The Radicati Group “Email Statistics Report, 2014-2018” 
detailed information on the usage of e-mail on smartphones [13], [56].  
 
The sample size of the audience is chosen by doing a power analysis with an effect 
size of 0.8, statistical power level of 0.8 and probability level of 0.5. We aim to find 
the augmentation in user experience caused by modification of micro-interactions, by 
power analysis we need a sample size of 14. As this is a usability study, the sample 
size required based on the previous researches in the same field claim at least of 10 
samples are required for performing a better usability evaluation [55], [57]. Hence, 10-
14 user interviews are optimal for this research. With this note, 12 interviews are 
conducted. 
 

4.3.3 Performing Interviews 
  
After the audience for the interview are chosen, an interview is scheduled with each 
individual after briefly discussing about the topic. The scheduling of the interviews 
was manually noted and the place for interview was subjected to the audience’s 
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preference. On meeting the interview audience, the equipment required for the 
interview are arranged accordingly and the interviewee was made comfortable and the 
interview guide was explained to them in detail. This Interview procedural format is 
inspired from the book article by Wilson Chauncey on Interview guide framing [53]. 
The description of background of the topic is performed by following the guidelines 
mentioned by Steve Portigal in the book Interviewing Users [58]. This ensures 
unambiguous and detailed answers from the user for open ended questions while 
making them feel free and comfortable. 
 
The Interview guide framed for the research is as follows: 
 
TITLE: Micro-interactions of e-mail notifications on a smartphone. 
 
LOCATION: Private office room/ cafeteria/ Interviewee’s house/ University study 
rooms. 
 
EQUIPMENT: Laptop computer, Notebook, Mobile Phone/Tablet PC. 
Laptop computer is used for keeping the track of questions to be asked while notebook 
is used for noting the important points, the mobile phone is utilized to voice record the 
interview session. The Tablet PC is used for letting the user interact with the prototype 
letting the user experience the touch screen that is required for the modified design. 
 

 
Fig 4.10: One of the interview locations- University study room 

 
INTRODUCTION: 
 
Thank you for being here! 
This interview is purely to understand the product’s modification made by us and how 
each user would interact with it. It is not to judge the user in any way. With your 
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answers, we hope to make the product better and make the user feel great. This 
interview will be like a discussion. So, you can comfortably answer at a free will. 
This is how the interview is going to be scheduled: I’ll ask you few general questions 
about the product’s usage. E-mail notifications in your smartphone in this case. 
Following with questions based on how you utilize these notifications, I will also ask 
you about what you would improve in the design. You will be asked to interact with a 
prototype that is just like the application in your smartphone and will be given a task. 
During this interaction, I want you to speak out loud on how you are performing the 
task. Example: tap the icon, open the tab, etc. Do respond in the most detail way 
possible. You can frankly speak about the product, the more you uncover the user’s 
perspective of a design the better I can understand the design from your perspective. 
I will record the audio of this interview so that I can review it later. We won’t use your 
name or any personal data at any instance of our research.  
Do you agree with all these? You have any doubts? 
 
BASIC INFORMATION: 
 

• What’s your profession? 
• How often do you use the e-mail application on our smartphone? 
• Which e-mail application do you often use? 

 
USER BACKGROUND DETAILS: 
 

• Would you be able to identify the changes made in the e-mail application 
without a guide to the new change? 

• Are you adaptable to the changes in an application (in general)? 
 
PROTOTYPE INTERACTION: 
 
The user is then handed over the smart device with the existing design in use and is let 
to interact with the old e-mail notifications. The old design is utilized first to make the 
user clear about the present design which would let him easily observe any change 
made to the existing design. The user is the given the tasks and is asked to interact with 
the design. They are reminded to speak out loud on how they are interaction. This 
method of speaking out the interaction process is known as Think-aloud form of 
interaction which helps the experimenters to record users’ behaviors and verbal 
protocols during the interview session [59]. The tasks performed in the interaction are 
recorded in time by the interviewer for further evaluation methods. 
 
After the interaction with the existing system, the interaction with the modified design 
is done. The interviewee interacts with the modified design in the same fashion of 
Think-aloud process with the time recording during task performance. 
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Following with the interaction, the interviewee is then presented the System usability 
scale questionnaire and is asked to rate the questions per their knowledge and 
understanding based on the interaction with the prototypes. These steps are followed 
for both the prototypes (Prototype A and Prototype B) accordingly. The interviewee 
may question the interviewer on their doubts regarding the design which are 
considered open-ended questions and are clarified by the interviewer.  
 
WRAP UP: These questions are asked after the user interacts with the prototypes. 

• Would you use this system on a daily basis? 
• Did the modified design reduce your effort in achieving the task?  
• Do you want to suggest any change in the design? 

 
CLOSING COMMENTS: 

• Thank you for taking your time and I really appreciate it. 
• This interview is going to help me a lot with my research. 
• I have been asking you a lot of questions lately, is there anything you want to 

ask me? 
 

(Additional notes) 
The audio recorder is not turned OFF until the user leaves the location. This is followed 
to gather the most information from the user, that may result in valuable information 
that has not been uncovered in the interview session. These additional responses are 
described in the APPENDIX D. 
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5 DESIGN PRINCIPLES AND USABILITY 
HEURISTICS 

 
On performing the Systematic Literature Review, the most suitable design principles 
and usability heuristics which reflect the design and the usability environment are 
extracted. The existing design of e-mail notifications on smartphones follow the 
principles of Google’s Material Design©. 
 

5.1 Design Principles 
 
The goal of Material Design© is to create a visual language that synthesizes classic 
principles of good design with the innovation and possibility of technology and science 
on following three rules [60, p.]: 
 

• Material is the metaphor: Objects in real life are studied to design the visual 
elements. These visual elements are inspired from the study of paper and ink 
without breaking the rules of physics. The fundamentals of light, surface, and 
movement are key to conveying how objects move, interact, and exist in space 
and in relation to each other. The primal objective of this design is to project 
familiar tactile attributes from reality to help a user understand what they are 
interacting with. 
 

• Bold, graphic, intentional: The foundational elements of print-based design – 
typography, grids, space, scale, color, and use of imagery – guide visual 
treatments. These elements do far more than please the eye. They create 
hierarchy, meaning, and focus. Deliberate color choices, edge-to-edge 
imagery, large-scale typography, and intentional white space create a bold and 
graphic interface that immerse the user in the experience. 
 
 

• Motion provides meaning: Primary user actions are inflection points that 
initiate motion, transforming the whole design. Objects are presented to the 
user without breaking the continuity of experience even as they transform and 
reorganize. Motion is meaningful and appropriate, serving to focus attention 
and maintain continuity. Feedback is subtle yet clear. Transitions are efficient 
yet coherent. 

 
The Micro-interactions embedded in the e-mail notifications are implemented by 
following the rules of micro-interaction design discussed in the Section 2. 
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5.2 Usability Heuristics for the design 
 
There are certain metrics that must be shadowed to build the prototype as per the 
guidelines of usability heuristics. Jakob Nielsen’s Usability heuristics are widely used 
for user interface design. These are the refined heuristics based on a factor analysis of 
249 usability problems  which motivates our design to be built on following these 
heuristics [61]: 
 

• Visibility of system status: 
The system should always keep users informed about what is going on, 
through appropriate feedback within reasonable time. 

• Match between system and the real world: 
The system should speak the user's language, with words, phrases and 
concepts familiar to the user, rather than system-oriented terms. Follow real-
world conventions, making information appear in a natural and logical order. 

• User control and freedom: 
Users often choose system functions by mistake and will need a clearly 
marked "emergency exit" to leave the unwanted state without having to go 
through an extended dialogue. Support undo and redo. 

• Consistency and standards: 
Users should not have to wonder whether different words, situations, or 
actions mean the same thing. Follow platform conventions. 

• Error prevention: 
Even better than good error messages is a careful design which prevents a 
problem from occurring in the first place. Either eliminate error-prone 
conditions or check for them and present users with a confirmation option 
before they commit to the action. 

• Recognition rather than recall: 
Minimize the user's memory load by making objects, actions, and options 
visible. The user should not have to remember information from one part of 
the dialogue to another. Instructions for use of the system should be visible 
or easily retrievable whenever appropriate. 

• Flexibility and efficiency of use: 
Accelerators—unseen by the novice user—may often speed up the 
interaction for the expert user such that the system can cater to both 
inexperienced and experienced users. Allow users to tailor frequent actions. 

• Aesthetic and minimalist design: 
Dialogues should not contain information which is irrelevant or rarely 
needed. Every extra unit of information in a dialogue competes with the 
relevant units of information and diminishes their relative visibility. 

https://en.wikipedia.org/wiki/Progressive_disclosure
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• Help users recognize, diagnose, and recover from errors: 
Error messages should be expressed in plain language (no codes), precisely 
indicate the problem, and constructively suggest a solution. 

• Help and documentation: 
Even though it is better if the system can be used without documentation, it 
may be necessary to provide help and documentation. Any such information 
should be easy to search, focused on the user's task, list concrete steps to be 
carried out, and not be too large. 

 
On designing a product following the usability heuristics, provides the researcher with 
insights on how the design can be evaluated [62].  
 

5.3 Usability evaluation metrics 
 
After performing the experiment, it is important for the researcher to have the 
knowledge of how the modified design is compared with the existing design. Literature 
review exposes the evaluation metrics on which the modifications are to be compared.  
 
There are many usability evaluation metrics from which Google’s HEART framework 
is the most suitable for this implementation as it helps the designer to make data driven 
and user centered decisions in design [63]. 
 

5.3.1 HEART framework  
 

Google’s HEART framework© was introduced to let the researchers measure the user 
experience on small or large scale. The metrics from the framework can be used for 
decision making and product development processes. This framework can be 
implemented by observing users, talking to users, by asking questions, etc. and obtain 
rapid feedback. The framework also states that all design does not need all the metrics 
involved in the framework, the use of these metrics is subjected to the type of research 
performed on the design. The metrics from the HEART framework as described by the 
Interaction design foundation is as follows [64] : 
 

a. Happiness (H):  
 
This might be considered a measure of attitude or satisfaction. The recording 
of satisfaction on large scale projects through some sort of user survey is also 
performed. An example cited in the report shows that change can impinge on 
happiness and that an initial drop in happiness following a change does not 
necessarily have long-term implications. 
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As with all metrics, a snapshot in time is not enough to base decision making 
on. Long-term observation of metrics will provide better data for decision 
making on projects. 
 

b. Engagement (E):  
 

This is a measure of how much a user interacts with a product, of their own 
volition. As we’ve noted already – it may be a poor metric for enterprise 
systems because there’s no optional element in usage patterns.  
 
Measurements in this category might examine the regularity of use, the 
intensity of use or the overall level of interaction over a period. The right 
metrics will vary from product to product. A weather app, for example, is 
unlikely to see the same depth on engagement or intensity of engagement as 
an e-mail client (except in very unusual circumstances). 

 
c. Adoption (A): 

 
Adoption is defined as the number of new users over a certain time frame. It’s 
a measure of how successful you are at attracting new business. It might be 
argued, and we can certainly see how, that this is less a measure of user 
experience and more a measure of customer experience. However, in the 
longer-term – a poor user experience is likely to discourage new users as they 
read reviews and speak to friends, peers, etc. about the product. 
 

d. Retention (R): 
 

Retention is a matter of keeping the existing users for x amount of time. That 
might be an indefinite amount of time for products with long-term utility. A 
week, a month, a quarter, a year, are all perfectly reasonable intervals as are 
any other intervals that you can justify as relevant to your business. 
 
Both adoption and retention metrics are valuable when there is a new release 
or substantial changes to the way a feature works. If the product isn’t evolving 
particularly rapidly it would be reasonable to assume that some sort of plateau 
will eventually take place where these metrics deliver fairly constant results. 

 
e. Task Success (T): 

 
The final metric “task success” can be broken down into more subtle 
components. To examine the time spent on any given task (can the process be 
improved?) or the percentage of successful completions of a specific task once 
it has begun (e.g. checkout processes or registration processes). 
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From the above metrics, the metrics of Adoption and Task success are chosen for this 
research as there is an implementation of new features to the present state of design. 
This requires the metric Adoption to determine how well a user adopts to the new 
feature. The Task success metric is used to identify the ease of use in the modified 
design w.r.t the present state of design. This information provides the evidence for 
identifying the increase in user experience of the design. 
 
In this context of research, the data driven decision is to design the micro-interactions 
based on the usability heuristics and user centered decision is to identify how the 
modified design has reflected on the user.  
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6 PROTOTYPE 
 
The interactive prototype is built in such a way that it appears and works exactly like 
the real product in use, ensuring end user acceptance. A user can comfortably interact 
with the prototype without a facilitator. This classifies the prototype to be a High-
fidelity prototype [65].  
 
High-fidelity prototyping is preferred for this research as it operates like the final 
product and responds in a manner that represents the behavior of the eventual product. 
This allows the user to get a feel for how the product will operate and, therefore, can 
make informed recommendations on how to improve its user interface [65]. 
 
The prototyping is done with a goal to minimize the response time of the interactions 
performed by the user. Following are the three basic rules followed to optimize the 
user cognitive load for the micro-interactions in e-mail notifications on smartphone 
[30]: 
 

• Avoid visual clutter: Redundant links, irrelevant images, and meaningless 
typography flourishes slow users down. 
  

• Build on existing mental models: People already have mental models about 
how the functions in an application work, based on their past experiences using 
the applications. When the use of labels and layouts users encounter on other 
applications, the amount of learning a user needs to do on the application 
increases. 
 

• Offload tasks: Identify the design that requires users to read text, remember 
information, or decide and then replace with interactions that optimize them. 

 

6.1 Prototyping Tools 
 
The prototypes are built using the tools: Adobe Photoshop, Adobe After Effects and 
Invision application.  
 
Adobe Photoshop is a photo editing software that is used to design the smartphone UI 
appearance and other modifications in design that are to be incorporated in the 
functioning of the prototype. Adobe After Effects is a video making software, this is 
used to bring the Android’s features in motion, i.e. the transitions involved in the 
layouts such as blink, zoom in and out, slide left/right, etc. These motions are made to 
form small video clips that give the effect of real motion of elements when initialized. 
Finally, all the design elements are put together using the free Invision web 
application. Invision is an easy to use application that is used to build high-fidelity 
prototypes providing transitional effects and layered screen features for a device. 

https://www.nngroup.com/articles/navigation-cognitive-strain/
https://www.nngroup.com/articles/mental-models/
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On using these tools, the prototypes for both the scenarios of the experiments are 
designed and developed. Which are classified as: 
 

Prototype A- Application badge of the mail count over the e-mail application 
icon. 
Prototype B- Mail classification on smartphone lock-screen. 

 

6.2 Prototype A 
 
Present state-of-the-art:  
 
Application badge of the mail count over the e-mail application pops up when the 
email application receives an e-mail. This red bubble over the e-mail application 
consists of a certain numerical which represents the count of unread e-mails. When the 
e-mails are read, the number counter on the application badge decreases and when the 
number of incoming e-mails increase, the number count on the application badge 
increases parallelly. 
 
Design Ideation: 
 
The main cause of the cognitive load identified is the number counter on the red 
application badge. The elements that are to be modified may comprise of number 
counter arrangement, the shape of the application badge or the color of the badge. On 
making this modification, a user should be able to identify the presence of an important 
e-mail from only the application badge.    
 
The initial ideas include: 
 

• Changing the badge shape from circle to oval/rounded rectangle to have a 
partitioning depiction of important mail and the total number of mail count. 
However, this would result in affecting the visual aesthetics by occupying too 
much space on the application icon.  

• The next ideation was to animate the application badge with a blink, glow, 
fade in/out, etc. transitions whenever an important mail arrives. This may not 
always be successful in making the user identify the animation or the 
important mail. 

• The change in the color of the number counter is the next ideation. Change in 
the color of number counter from white to any other lighter or darker color 
may result in contrast similarity causing difficulty to read the numbers. This 
combination of foreground and background colors may break the rules of 
Material design© [66].  
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Fig 4.2: Early sketches of various ideations of application badge designs. 
 
Design implementation: 
 
The most preferred design modification that follows the rules of material design and 
supports the targeted goal is to change the color of the application badge from red to 
any other color the synchronizes with the smartphone notifications and buttons/badges. 
For which, blue is opted the most desirable color that could fit in this ideation. The 
application badge’s functioning to display the unread mails is not interfered, but only 
the color of the application badge turns blue in color when the e-mail classifies a 
certain mail to be important. When the e-mail application receives an e-mail, which is 
not classified as important, the application badge remains in the same red color.  
 
The color modification is chosen to be blue and not any other color as blue is from the 
same color group as that of red in the group of 3 primary colors (Red, Yellow and 
Blue) generally used in a GUI. Based on human visual recognition degree, the color 
red has a horizon and vertical color perception vision of ±22.5º, ±30º. While the color 
blue has the color perception vision of ±40º, ±50º and the color yellow has ±47.5º, 
±60º [67]. The degree of perceptional vision for color yellow is too high compared to 
red, but blue color’s degree of vision is optimally higher than red and lower than 
yellow. This makes blue the suitable color to be used for indicating the presence of an 
important mail in the e-mail applications inbox.  
 
The blue hue selected is chosen based on the same color contrast as that of red hue 
followed by the Google’s Material Design color codes [66]. The color change is done 
from RED 700 to BLUE 700. 
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Fig 4.3: Transformation of the application badge color from Red to Blue. 

 
Screenshots of Prototype A: 
 

 

Fig 4.4: Smartphone Home screen with 7 unread e-mail count on the application 
badge with no unread important mails present in the inbox (Existing design). 
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Fig 4.5: Smartphone Home screen with 8 unread e-mail count on the application 
badge with unread important mail/s present in the inbox (Modified design).  

 

6.3 Prototype B 
 
Present state-of-the-art:  
 
The present lock-screen notification of an email arrival is a tab which displays the 
number of new unread e-mails count and the e-mail ID of the user profile that has 
received the e-mails with previously unread e-mail count to the leftmost corner. This 
depiction of e-mail data does not indicate the arrival of an important mail. On clicking 
this e-mail notification, the screen transitions to open the notification tab enlarging the 
list of e-mails with the sender name and brief e-mail content. In case the user wants to 
explore the received mails in detail, clicking this tab will direct the user to the email 
application on the smartphone.   
 
To check for an important mail arrival, the user must open the e-mail application and 
search for an important mail. This is observed to have increase cognitive load on the 
user which has the potential to be reduced. 
 
Design Ideation: 
 
The element that must be improved in the lock-screen notification is the tab that 
displays the unread mail count. This modification may include designing new elements 
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inside the tab or changing the colors or adding new text to depict the arrival of 
important mail/s. However, the notification tab shouldn’t be modified deeply as that 
breaks the consistency of the application.  
 
The modification idea was to classify the type of mails on the notification tab with an 
indication of arrival of mails on that specific category. The functionality of the mail 
classification is however done primarily by the e-mail application, the notification 
inherits that information and provides the brief idea of classification straight-way on 
the lock-screen of the smartphone. 
 
Design implementation: 
 
From the initial idea of mail classification, the e-mail notification tab is split into two 
tabs in horizontal. The upper part of the tab comprises of the existing details of the 
new unread mail count, user e-mail ID and the old unread mail count. While the lower 
part of the tab contains the new micro-interaction of mail classification of the user’s 
preferable mail categories that include- Primary mail tab, Important mail tab and 
Social mail tab. This classification of tabs can be adjusted by the user, based on the 
preferences. Each of these tabs display their respective category of mails when a new 
mail arrives. 
 
The notification tab on the lock-screen of the smartphone is partitioned on following 
the contrast ratio of 3:1 from the primary color of light gray to the medium gray. This 
contrast ratio is preferred for better luminance and is recommend by the World Wide 
Web Consortium (W3C) [68]. This partitioned tab with the new micro-interaction 
holds the primary color of lighter gray while the upper partition of the tab holds the 
secondary color of medium gray. The partitioning of the notification tab is done on 
following the principles of the Golden ratio 1:1.61 criterion. Following the Golden 
ratio for the partitioning provides  natural balance among the elements along with good 
visual aesthetics [69]. 

 
Fig 4.6: Partitioning of the tab based on the 3:1 Grey distribution and Golden Ratio- 

1:1.16 
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When a new mail arrives the category of the mail is recognized by the e-mail 
application and the notification provides this indication with a red mark in the 
respective category of the e-mail tab on the lock-screen notification. If a tab contains 
a red mark that implies it contains an unread mail in it. On a user tap, the tab expands 
and they will be able to scroll among the unread mails in the respective category. After 
the user taps on a mail category with an unread mail and exits that state or scrolls to 
other mail category will remove the red mark in the visited mail category. This is an 
implication of the mails in that specific category are read. 
 

 

Fig 4.7: Lock-screen notification tab with the classified mail categories.  
 

On tapping the “Important” option on the notification tab, the screen directs to widely 
expanding of the notification tab where a user can browse among the received unread 
mails while scrolling among the categories of the mail as depicted in the Figure below: 
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Fig 4.8: Expanded view of the unread mails in the Important category of the e-mail 
notification tab. 

 

 

Fig 4.9: Smartphone Lock screen with expanded e-mail notification with opened 
primary tab (by swiping to left) after viewing the important mail tab from the 

previous screen.  



 

40 
 

6.4 Usability Design Evaluation 
 
The modified designs follow the rules of micro-interactions: to be simple and not 
complex, subtle changes which do not affect the primary function of unread mail count 
display. 
 
The following table describes the design implementation while reflecting the usability 
heuristics by Jakob Nielsen’s [61]:  
 

Usability Heuristics Application 

Visibility of system status 

Both the prototypes show their intended 
use and keeps the user informed about 
the application status. Prototype A keeps 
the user informed about the unread mail 
count and Prototype B keeps the user 
informed about the type of mail received.  

Match between system and the real 
world 

The modified designs are in the same 
language as the existing application’s 
usage and perform similar kind of 
functions that are inherited from the 
present design in use. 

User control and freedom 
The user can perform forward and 
backward actions as usual and can easily 
understand the design state they are in.  

Consistency and standards 

The modified design is built on following 
the rules of consistency. Google’s 
existing Material Design© principles 
which include the color, shapes, contrast 
hierarchy and motion are followed to 
provide the user with feature blending 
actions on the applications.  

Error prevention 

The user does not perform any editing or 
input options for this application which 
rules out the error prevention usability 
heuristic. 

Recognition rather than recall 

The shapes, fonts and colors used are 
keen and easily identifiable without any 
inconsistency with the present design in 
use. This helps the user to easily 
understand the design without confusing 
the user. 

Flexibility and efficiency of use 
The micro-interactions used in the 
system are easily identifiable and easily 
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understood by the user as it provides 
immediate responsive action that 
explains the functionality of the 
interaction. A person without the 
knowledge of present state-of-the-art 
would be flexible to use the design. 

Aesthetic and minimalist design 

The design elements used in the 
prototypes follow the principles of 
Google’s Material Design© and the 
Golden Ratio that significantly improves 
the visual aesthetics of the design. 

Help users recognize, diagnose, and 
recover from errors 

No user input is required for the design. 
Hence it does not result in an error not 
displaying an error message. 

Help and documentation 

For a user to understand the functionality 
of the design, they do not have to be 
trained or taught about the design. The 
interactions designed are simple to use 
and even a novice user can understand 
the micro-interaction in less than 3 uses. 

 

https://en.wikipedia.org/wiki/Progressive_disclosure
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7 RESULTS AND ANALYSIS 
 
As the research is user experience based, most of the data gathered is qualitative. 
However, this qualitative data is data reduced to quantitative data for designing the 
inferential statistic to understand the user’s perspective of the design of micro-
interactions in this research.  
 
The subjective data resulted makes it essential for the sections of result and analysis to 
be combinedly presented. In most cases, these analyzed results tend to be the final 
results of the research work. 
 

7.1 SUS Scale 
 
The SUS scale points for the Prototype A are widely similar as the users’ opinion on 
the design seemed similar while the scale points for the Prototype B were not 
ambiguous and had few unique ratings which can be observed in the APPENDIX A 
and APPENDIX B.  
 
The tasks involved in the interview were performed successfully by 100% of the users. 
This resulted in users answering the SUS scale rapidly, but there were certain questions 
where few users did not understand the questions due to the wording problem. This 
was particularly noted for the question 8 as it contained the term “cumbersome” and 
not all users were familiar with the word. As described by the Lewis et al. in their 
research on SUS evaluation, this word could be replaced with the word “Awkward”. 
It is however an essential change as the understanding of the question impacts the 
responses of the user and affects the SUS mean score [54].  
 
The SUS questionnaire described in the Section 4.3.1.1 is utilized for the prototype A 
and prototype B. Out of all the statements in the SUS scale, the following are rated 
with 5 points on the scale by 100% of the audience participated in the research: 
 

• I think that I would like to use this system frequently. 
• I thought the system was easy to use. 
• I would imagine that most people would learn to use this system very quickly. 
• I felt very confident using the system. 

 
This implies that the total population in the research felt the designs are easy to use 
and the users feel comfortable to use them. This satisfies the attributes of efficiency, 
learnability and satisfaction as described by John Brooke [70]. However, the points in 
the SUS cannot be independently considered as evidence of increase in usability 
without considering the other points from the scale. The evidence to show an increase 
in usability can only be declared by the total mean SUS score of a design following 
the entire SUS scale [54]. The scoring of the SUS scale is as follows [71]: 
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• For odd numbered questions: subtract one from the user response. 
• For even-numbered questions: subtract the user responses from 5 
• This scales all values from 0 to 4 (with four being the most positive response). 
• Add up the converted responses for each user and multiply that total by 2.5. 

This converts the range of possible values from 0 to 100 instead of from 0 to 
40. 

 
The SUS scores are compared to the adjectives ratings: Worst Imaginable, Awful Poor, 
OK, Good, Excellent, Best Imaginable in accordance to the standard deviation of the 
points the SUS scale received by multiple number of users. This adjective rating 
classifies the usability of the design based on the SUS score. 
 
The classification of the quality of SUS mean score is described by Adjective rating 
as depicted by John Brooke, this is depicted in the following graph [70]:  
 

 
Fig 7: Mean SUS score ratings corresponding to the seven adjective ratings 

(error bars +/- one standard error of the mean) [70] 
 
After the user responses are transcribed, the evaluation of the modified design w.r.t the 
old design is necessary to identify the change in the UX. This is performed by 
gathering the statistical data from the users by the SUS scale and evaluating the scores 
while utilizing certain usability metrics such as Adoption and Task success metrics 
from Google’s HEART framework© to contrast the designs [64].  
 
The flow of the analysis performed for the results is depicted in the figure below: 



 

44 
 

 
Fig 7.1: Flow diagram representing the process of analyzing the results 

 

7.1.1 Adoption metric  
 
A metric that determines how the user adopts a product/feature when there are design 
modifications made. This is analyzed by specific research data (user interview data 
from the SUS scale). The data is then analyzed for statistical significance by using t-
tests for two paired samples. 
 
The SUS mean scored for the Prototype A is 95.4 and Prototype B is 91.3. The SUS 
mean scores of both the prototypes are between the values of 90-100 which rates the 
design with “Best Imaginable” and an A grade as proposed in a Journal article “SUS: 
A Retrospective” by John Brooke. This implies that the modified designs of micro-
interactions in e-mail notification of smartphone are acceptable and follows the 
usability, learnability and satisfaction levels of a design that are recognized to improve 
the user experience [70].  
 
The Adoption metric in the Google’s HEART framework describes the adoption factor 
as the user’s interest to use the new product again and causing the product to gain new 
users [64]. However, the SUS scores are limited to only effectiveness, efficiency and 
satisfaction. To demonstrate the adoption of the new design by the users, additional 
evidence from statistical reference i.e. user responses is required to prove the design’s 
increased user experience. For which the two paired t-tests are performed. 
 

7.1.1.1 T-Tests for two paired samples 
 
The Null hypothesis assumed for both the prototypes in common is: 
 
Hₒ = µ<85 (usability of the design is less than grade A i.e. the SUS mean score of the 
design is lesser than 85%. Additional changes may be required) 
 
And the Alternative hypothesis is: 
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H1 = µ≥85 (usability of the design is grade A i.e. the SUS mean score of the design is 
above 85%. Additional changes are not required) 
 
The population parameters for the SUS in general should be considered for at least 12 
people. 
Which gives, N = 12  
And the significance level α = 0.05(5%) (The conditional probability of incorrectly 
rejecting H0 when it actually is true, chosen by default). By utilizing these values, the 
statistical significance is determined  [72]. 
 

7.1.1.1.1 E-Mail Application Badge on a Smartphone 
 
Sample 1: Present State-of-art 
Sample 2: Modified design 
 
The sample statistics for the designs are: 
N = 12 (population on which the experiment was conducted) 
 
From the given sample data, it is found that the corresponding means are: 
X1= 59.583 
X2= 95.417 
Also, the Standard deviations are: 
S1= 7.295 
S2= 5.094 
 
The significance level is α = 0.05, and the degrees of freedom are df=11. 
Hence, it is found that the critical value for this two-tailed test is tc= 2.201, for  
α = 0.05 and df = 11. 
 
The rejection region for this two-tailed test is R = { t : |t| > 2.201 } 
 
The test statistic calculated, t = -18.567 
 
Since it is observed that |t| = 18.567 > tc = 2.201, it is then concluded that the null 
hypothesis is rejected. 
 
Using the P-value approach:  
The p-value, p = 0; and since p = 0 < 0.05, it is concluded that the null hypothesis is 
rejected. 
 
The 95% confidence interval is −40.081<μD<−31.586. 
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Fig 7.2: Hypothesis Graph for prototype A with Test value 1.184 in the Critical 

region. 
 
It is concluded that the null hypothesis Ho is rejected. Therefore, there is enough 
evidence to claim that population mean μ1 is different than μ2, at the 0.05 significance 
level. Stating that usability of the modified design is grade A i.e. the SUS mean score 
of the design is above 85%. Additional changes are not required. This classifies the 
modified design as “Best imaginable” and it facilitates the increase in the user 
experience according to the seven adjective ratings [70]. 
 

7.1.1.1.2  Smartphone Lock Screen E-Mail Notifications 
 
Sample 1: Present State-of-art 
Sample 2: Modified design 
 
The sample statistics for the designs are: 
N = 12 (population on which the experiment was conducted) 
 
From the given sample data, it is found that the corresponding means are: 
X1= 73.542 
X2= 91.25 
Also, the Standard deviations are: 
S1= 7.027 
S2= 6.528 
 
The significance level is α = 0.05, and the degrees of freedom are df=11. 
Hence, it is found that the critical value for this two-tailed test is tc= 2.201, for  
α = 0.05 and df = 11. 
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The rejection region for this two-tailed test is R = { t : |t| > 2.201 } 
 
The test statistic calculated, t = -6.714 
 
Since it is observed that t = 6.714 > tc = 2.201, it is then concluded that the null 
hypothesis is rejected. 
 
Using the P-value approach:  
The p-value, p = 0; and since p = 0 < 0.05, it is concluded that the null hypothesis is 
rejected. 
 
The 95% confidence interval is −23.513<μD<−11.903. 
 

 
Fig 7.3: Hypothesis Graph for prototype B with Test value 3.312 in the Critical 

region. 
 
It is concluded that the null hypothesis Ho is rejected. Therefore, there is enough 
evidence to claim that population mean μ1 is different than μ2, at the 0.05 significance 
level. Stating that usability of the modified design is grade A i.e. the SUS mean score 
of the design is above 85%. Additional changes are not required. This classifies the 
modified design as “Best imaginable” and it facilitates the increase in the user 
experience according to the seven adjective ratings [70]. 
 

7.1.1.2 Cohen’s d-value and Effect size 
 
Based on the performed paired t-tests, we can conclude that the data extracted from 
the smartphone users is statistically significant. But the descriptive measure and size 
of the effect amongst the data is not determined [73]. The calculation of the effect size 
is important as they can be used to compare the magnitude of experimental treatments 
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from one experiment to another [74]. For which Cohen’s d-value is used to determine 
the effect size of the SUS mean score attained for the modified design of the micro-
interactions in e-mail notifications of smartphones to that of present state-of-art design. 
 
For calculating the Cohen’s d-value, the means and standard deviations of the present 
state-of-art design and the modified design are noted. 
 
Design 1 - E-Mail Application Badge on a Smartphone 
 
The corresponding means and standard deviations are: 
 
Present state-of-art design - 
M1= 59.583  
S1= 7.295 
Modified design -  
M2= 95.417 
S2= 5.094 
 
On calculating the effect size [75], the Cohen’s d-value = 5.695 and the Effect size, r 
= 0.943 
 
The value of the descriptive measure ‘d’ is positive, this indicates that it is in the 
predicted direction or the direction of improvement. By which we can consider the 
experimental design (modified design) improves the UX than that of present state-of-
art design. 
 
The effect size r = 0.9 is large, which indicates that the mean of the modified design is 
at 82% of the present state-of-art design as interpreted by standard benchmarks of 
Cohen [76].  
 
Design 2 - Smartphone Lock Screen E-Mail Notifications 
 
The corresponding means and standard deviations are: 
 
Present state-of-art design - 
M1= 73.542 
S1= 7.027 
Modified design -  
M2= 91.25 
S2= 6.528 
 
On calculating the effect size [75], the Cohen’s d-value = 2.61 and the Effect size, r = 
0.793 
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The value of the descriptive measure ‘d’ is positive, this indicates that it is in the 
predicted direction or the direction of improvement. By which we can consider the 
experimental design (modified design) improves the UX than that of present state-of-
art design. 
 
The effect size r = 0.8 is large, which indicates that the mean of the modified design is 
at 79% of the present state-of-art design as interpreted by standard benchmarks of 
Cohen [76].  
 
On observation of Cohen’s d values for both the modifications of the designs, the 
significant difference between the present state-of-art and the modified design can be 
considered large. 
 

7.1.2 Task Success metric  
 
It is a metric which depicts how a user accomplishes a goal successfully. The goal here 
is to perform the required tasks in the modified design thru interactive prototype 
compared with the present state-of-art design; The tasks are: 
 

TASK 1 (Scenario 1): Identifying the important mail arrival from the e-mail 
application icon. 
TASK 2 (Scenario 2): Identifying an important mail from the list of unread e-mails 
from the lock-screen notifications. 

 
These tasks are performed by the users on both the designs of present state-of-the-art 
as well as the modified design of the micro-interactions of e-mail notifications on a 
smartphone. While the user performs the tasks, the time taken by the user to perform 
the task is noted in both the cases of design which can be observed in the APPENDIX 
C. 
 
According to ISO-9241, product Efficiency is defined as "resources spent by user to 
ensure accurate and complete achievement of the goals". The overall time based 
efficiency of the modified design of micro-interactions over the present state-of-the-
art is calculated by the formula [77]: 

 
Where, 
N - The total number of tasks = 1  
R – Number of users = 12 
nij – Result of coming through task i by user j;  
nij=1, if the task has been completed successfully and user goal has been achieved, 
and nij=0, if the task is unsuccessful and user failed to achieve the goal.  
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tij – The time spent by user j to come through task i.  
In case of unsuccessful task completion, the time (in seconds) is measured till the 
moment of task quittance by the user thus leaving the task incomplete. 
 
For the TASK 1: 
 
Time Based efficiency (Present state-of-the-art) = 
[(1/2.02)+(1/1.89)+(1/1.24)+(1/2.12)+(1/1.13)+(1/1.82)+(1/1.67)+(1/2.69)+(1/1.43)+
(1/1.42)+(1/1.01)+(1/2.96)]/ 1*12 = 7.438/12 = 0.619 
 
Time Based efficiency (modified design) = 
[(1/0.24)+(1/0.15)+(1/0.5)+(1/0.81)+(1/0.32)+(1/0.47)+(1/0.92)+(1/0.17)+(1/0.19)+(
1/0.21)+(1/1)+(1/0.15)]/1*12 = 43.981/12 = 3.66 
 
The time-based efficiency of the modified design for TASK 1 is far greater than that 
of present state-of-the-art. 
 
For the TASK 2: 
 
Time Based efficiency (Present state-of-the-art) =  
[(1/2.41)+(1/3.46)+(1/4.12)+(1/4.02)+(1/4.89)+(1/3.31)+(1/3.89)+(1/4.23)+(1/4.01)+
(1/3.03)+(1/3.92)+(1/4.99)]/1*12= 3.23/12= 0.269 
 
Time Based efficiency (modified design) = 
[(1/0.26)+(1/0.41)+(1/0.22)+(1/0.14)+(1/0.27)+(1/0.21)+(1/0.48)+(1/0.4)+(1/0.82)+(
1/0.61)+(1/0.34)+(1/0.3)]= 40.155/12= 3.346 
 
The time-based efficiency of the modified design for TASK 2 is far greater than that 
of present state-of-the-art. 
 

TASK 

INTERACTION STEPS 
Type of 
interacti

on 

Average 
Mean 
time 

Succe
ss 

Rate 

Time- 
based 
efficie

ncy 

TASK 1: 
Identifying 
the 
important 
mail arrival 
from the e-
mail 
application 
icon. 
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Present 
State-of-the-
art 

1. Unlock the 
smartphone. 

2. Open the e-mail 
application 

3. Identify the unread 
important mail from 
the received mails. 

Touch – 
scroll 1.78 sec 100% 0.619 

Modified 
Design 

1. Unlock the 
smartphone. 

2. Identify the color of 
application badge on 
the e-mail application 
icon. Where blue 
application badge 
indicates the presence 
of unread important 
mail. 

Visual 0.42 sec 100% 3.66 

TASK 2: 
Identifying 
an important 
mail from 
the list of 
unread e-
mails from 
the lock-
screen 
notifications. 

 

    

Present 
State-of-the-
art 

1. Identify the e-mail 
notification on the 
smartphone. 

2. Tap on the e-mail 
notification which 
redirects to the e-mail 
application. 

3. Scroll among the 
unread e-mail list to 
identify an important 
e-mail 

Touch – 
scroll 3.85 sec 100% 0.269 

Modified 
Design 

1. Identify the e-mail 
notification on the 
smartphone. 

2. Identify and tap the 
red mark on the 

Visual 0.371 sec 100% 3.346 
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important mail tab on 
the notification. 

Table describing the steps of interaction and time taken to perform the tasks on the 
designs. 

 
From the observed interactions, the time taken to perform the tasks on the modified 
design substantially takes lesser time than the tasks performed on the present design 
in use. In accordance to the Task Success metric, we state the modified design 
phenomenally decreases the time for interacting with the present state-of-the-art. The 
time a user needs to perform a certain task with an interactive system indicates the 
quality of the system concerning the task. Various studies concluded task performance 
time to be used in order to determine the best of the ways of interaction [20].  
 
The task success rate for the modified designs is 100% as all the users could identify 
the important mail by visual identification of application badge and lock-screen 
notification while the user had to perform certain step of actions in present state-of-
the-art to identify an important mail. Hence, the modification of the design resulted in 
changing the type of interaction to perform the tasks from physical to visual consuming 
less interaction time which phenomenally reduces the user cognitive load for the 
application [78]. Therefore, the modified design is time efficient than the existing 
design of micro-interactions of e-mail notifications on a smartphone. 
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8 DISCUSSION 
 
E-mail classification systems have been utilizing the user actions inside the email 
application to determine the type of email with certain labels for the category of e-
mails. However, this management system of emails is absent in the notifications 
received on a smartphone. This on investigation uncovered the aspects of email 
notifications where the modifications to the micro-interaction can be made to decrease 
the cognitive load on the user in identifying an important mail arrival. These aspects 
have not been focused in any research as in this research. Rather many researches 
contained detailed work on how disruptive notifications can be that cause disturbances 
in the users’ work and receiving of too many emails on a user account. With these 
attributes composed, our work states the importance of decreasing the user’s work load 
in identifying an important mail from the emails straightaway from the notifications 
on the smartphone. This saves significant amount of user time and provides instant 
access to the important email received. The micro-interactions are modified using 
design principles and usability heuristics and is experimented by letting smartphone 
users interact with the modified design. With this approach, the effectiveness, 
learnability and satisfaction of the users towards the design is understood. The 
statistical significance to these findings are statistically proved. On investigation, the 
evidence by linking the findings with the existing literature are uncovered stating the 
increase in UX using the modified design. 
 
With the first major finding of the research being the modifiable micro-interactions, it 
has become easy to determine the design principles and heuristics to implement these 
modifications. Being a “homo interacticus”: a hypothetical person who makes rational, 
well-thought-out decisions when they interact with a mobile app. But because he or 
she doesn’t exist, it’s often helpful when designing to refer back to the applications 
built by the platform creator (Mail or Safari on iOS and Gmail or Chrome on Android) 
to see examples of near-perfect applications [48]. With this understanding, the 
considered field of operating system is Android, Google’s Android developer database 
is preferred to utilize the design principles which the Android follows. By using 
Google’s Material design principles, the modification of color to the application badge 
is made. Unruly division of the notification tab without balance would cause design 
disturbance leading to unpleasing appearance, we use Golden ratio to avoid unbalance 
in the lock-screen email notification design. Jacob Nielsen’s usability heuristics 
evaluation is done as it is important to evaluate certain properties that increase the 
usability of the design leading to a better user experience. Gerhardt-Powals' cognitive 
engineering principles are alternative to the usability heuristics used, but Jacob 
Nielsen’s heuristics are independently applicable rather than the holistic nature as that 
of Powals’. These are the closed-ended data extracted from the literature and the user 
evaluation of design is done by open-ended data that is collected by user interviews. 
The interaction of users with prototypes can only be possible with interviews while 
making sure a user understands the design completely. User experience based research 
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works are effective when mixed method type of methodology is used as it involves 
extraction of user opinions regarding the design. After the user evaluation, an approach 
of comparing the SUS mean scores of the designs is preferable or considered correct 
as per the literature only when there are two non-inherent designs. As our research 
includes evaluation of UX of the modified design over the present state-of-the-art, the 
SUS mean scores are compared w.r.t the Cohen’s d value to observe the effect size to 
find out the significance different in effect size. The effect size is significantly large 
for both the modified designs over the existing present state-of-art designs as discussed 
in the Section 7.1.1.2. 
 
An alternative suitable experiment setup in this research could be repeated measures 
within subject design. The 12 audience could be divided into two groups of 6 
participants with counter balancing. Each group interacts and performs tasks on the 
prototype such that the first group interacts with the present design first, followed by 
modified design. While the second group interacts with the modified design first and 
then with the existing design. This would explore the findings in a variant way than 
our findings justifying the augmentation of the UX. Nevertheless, this approach lets 
the participant understand the design letting the researcher understand the user 
experience like that of explanatory sequential mixed method. The disadvantage with 
this method is a fatigue effect or some sort of carry over effect caused by order of 
interaction with the designs [79]. But this would not affect our research as the decrease 
in cognitive load is clearly observed due to the presence of an important email 
detecting function incorporated in the notification which was absent in the earlier 
design. Other experimental methods for modifying the micro-interactions were not 
considered such as for an Human-centered design or an iterative model. This is due to 
the fact that users may not understand the design w.r.t the heuristics like an interface 
designer does [48]. 
 
The findings in our research depict the effectiveness of designing the micro-
interactions w.r.t the design principles and usability heuristics. This depiction is based 
on the scores achieved on the SUS scale and the least time recorded for task 
performance on the modified designs. Similar works with this kind of findings are 
uncovered during the literature review. A work on decreasing the users’ cognitive load 
on smartphone applications by building a framework named Attelia was done on 
following the principles from the literature. The usability is then tested by letting the 
user interact with the modification made by interviews, with a questionnaire of NASA-
TLX WWL to extract the quantitative result of work load on the user [22]. While our 
research contains the usage of SUS scale, the evaluation of usability with effectiveness, 
satisfactory factor and learnability of the modified design is useful for detection of 
increased UX. More similar works were also explored but not as close as that of 
Attelia’s work to ours. These other researches on decreasing user cognitive load, 
modification of micro-interactions and increasing of user experience for an application 
are described in the Section 3.  
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8.1 Threats to Validity 
 
This research was executed on following the several forms of validity which might 
result in the UX that is most achievable as discussed in the “Researching UX: User 
research” by James Lang et al. The classification of the forms of validity in UX are 
based on certain factors [80]: 
 

i. Representative:  
 
The selection of sample for the research involved considering the audience who 
are diverse in occupation and carry a similar characteristic of using e-mail 
application on their smartphones. However, this characteristic can be classified 
as a bias because of the focus of research is subjected to the micro-interactions 
in e-mail application on smartphones.  
 

ii. Realistic: 
 
The realistic approach of user evaluation is guaranteed by letting the audience 
interact with the prototype in a smart device. This would guarantee the user to 
experience the realistic manner of interacting with an e-mail application on a 
smartphone. 
 

iii. Knowable: 
 
Before interacting with the redesigned notification of the email application, the 
user is made to interact with the existing design to make the user thoroughly 
remember the present state-of-art and to let them easily identify the 
modification made to it.  

 
iv. Memorable: 

 
The modifications to the design prototype are made such that they are easily 
memorable and not complex. This is to assure easy interaction and 
understandability to obtain near to accurate user analysis of augmentation in 
the UX.  

 
The threats to validity are further outlined by classifying them as [81], [82]: 
 

i. Construct Validity: 
 
This is caused due to the selection process of the interview subjects. The 
selection bias usually exists and the subjects are not entirely sampled randomly. 
Our interview subjects are chosen based on their different occupations and the 
frequency of their e-mail usage, this alleviates the validity threat on selection 
bias. Due to the presence of audio recording of the interview session, there 
might be a behavioral and response impact. However, this is alleviated by 
assuring the interview subject of confidentiality of identity.  

 
ii. Internal Validity: 
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When interview audience do not understand the redesign of the micro-
interactions, it might result in extraction of incorrect data. This is to be 
mitigated to avoid the threat to internal validity. The alleviation of this threat 
is done by ensuring that every interview subject has interacted with the existing 
design regardless of their application knowledge and then made to interact with 
the modified design. In addition to the physical noting of the user responses, 
the audio recording of the interview session was also collected. After the 
interview session the summary of the data extracted are shared with the user to 
confirm the findings and understanding of the user.  

 
iii. External Validity: 

 
It is a threat that arises due to generalization of research data that relates to the 
area outside the research field. The audience chosen for the interview are just 
a small portion of a large population, this rises a concern of external validity to 
generalize the results. The sampling of the audience is performed to extract 
sufficient number of subjects to conclude the aim of the research. For which 
power analysis and the suggested number of subjects for the implementation 
of interview questionnaire - System Usability Scale (SUS) are utilized. The 
threat of incorrect generalization of data from users cannot be attained in this 
research as the SUS is designed to ensure extraction of data based on validness, 
learnability and usability of the design. This decreases the external validity 
threat to an extent.  

 
The redesigning of the micro-interaction in the e-mail notifications was done 
on the smartphone running on Nougat – Android operating system. However, 
the upgraded versions of the Android operating systems might possess the 
design or features close to modifications uncovered in this research or even 
better versions which might not require the implementing of the ideation of this 
research. This research data is valid as long as the feature of identifying new 
important e-mails in the notification from the rest does not exist on the 
operating systems of smartphones.  

 
iv. Reliability: 

 
The reliability of the data collected in this research can be ensured by two 
aspects: the interview subjects and the interview questionnaire. All the 
interview subjects are chosen with a common characteristic of regular e-mail 
usage on smartphones and the interview questionnaire is an SUS scale which 
is proven to be reliable for measuring the usability and finding the 
augmentation in the UX of an application [54]. The extracted data is then 
analyzed to attain statistical significance and conclude the goal of this research.  
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9 CONCLUSION AND FUTURE WORK 
 
On performing this research, the following conclusions can be deduced basing the 
thesis questions: 
 

RQ1. How are the usability heuristics utilized to redesign the micro-interactions of 
e-mail notifications in a smartphone?  

 
This question focusses on the implementation of certain heuristics which 
corresponds the usability of the application. The literature review performed 
resulted in extraction of knowledgeable data that has been applied to design of 
present micro-interactions of e-mail notifications on smartphones in use. These 
applications to the design include: 

• Jakob Nielsen’s Usability heuristics that are utilized to design the micro-
interactions. These heuristics ensure the design’s quality of effectiveness, 
efficiency, satisfaction, error prevention, visual aesthetics and consistency. 
The modified design is compared to the present state-of-the-art w.r.t these 
heuristics to evaluate the usability of the modified micro-interactions.  

• Elements in the design such as color, font, size, layout and motion are 
designed on following the Google’s Material design© principles which 
follow Jakob Nielsen’s Usability heuristics while maintaining the modern 
design trend.  

• The modern design trend comprises the change in color of the elements in 
the design, utilizing of hierarchy in design elements such as the shape & 
recognizable elements and consistency of the interactive elements such as 
tap to view & easy identification of existing email functions. 

 
RQ2. What are the users’ all-knowing point of view concerning usability of e-mail 

notifications on smartphones? 
 
On performing user interviews, the user interacts with the present state-of-the-art 
and the modified design by which they attain the knowledge of the design 
modifications made and how they affect their design experience. The aspects of 
satisfaction, effectiveness, learnability and efficiency of the design are uncovered 
by letting the users rate the SUS scale after they interact with the designs. However, 
99.98% of the users have claimed to prospect the design in the same way which 
decreased the cognitive load on their interaction and increase in the ease of use. 
There were also responses where users suggested additional changes to the design. 
These suggestions cannot be implemented as they fail to follow the usability 
heuristics. As the majority of audience tend to have the same perspective on the 
modified design, the modifications are trusted to be the best that could be 
implemented for the micro-interactions.  
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The SUS scale was designed basing the psychometric tests for increasing the 
usability of a product. The responses recorded from the SUS scale are trusted to let 
the user understand the design before they rate the scale. After achieving the SUS 
ratings, certain qualitative responses from the user are also recorded which tend to 
depict the user’s knowledge or perspective in the design they interacted with. This 
concludes the claim that the user has attained the total knowledge of the aspects of 
modifications on the design, letting the researcher clearly understand the user such 
that they can focus on the specific areas for development. 

 
RQ3. How do re-designed micro-interactions of the e-mail notifications on 

smartphones increase the UX? 
 

The redesigned micro-interactions are implemented by following the principles: 
Google’s Material design and Jackob Nielsen’s usability heuristics. On following 
this data from literature study, the hypothesis of increase in user experience of the 
design is already believed. 
 
This claim is proven by the user-interaction based interviews. After the users 
interacted with both the modified designs involved in the experiment, the SUS 
scale rating was 95.4 for prototype A and 91.3 for prototype B which claims the 
usability of the modified designs are significantly higher than the existing designs. 
The SUS mean score reflecting the adjective rating states this acquired score as 
“Best imaginable” i.e. of Grade A implying the usability of the design is high and 
additional changes to the design is not required. SUS scale is trusted to prove the 
levels of effectiveness, satisfaction, learnability and efficiency of the design. These 
are the factors that affect the user experience. 
 
In addition to the SUS scale rating, further testing was done to statistically prove 
the claim of increase in user experience. The two paired t-tests for statistical 
significance, resulted in successfully rejecting the null hypothesis that claims the 
modified design is right to the results of the SUS ratings. The descriptive measure 
and effect size calculated to acquire relative magnitude of the experimental 
treatment also resulted in data which claims the success in the experiment 
performed.  
 
The designs are also evaluated w.r.t Task success metric by letting the users 
perform similar tasks on the existing design and the modified design, which 
resulted in the modified design to have least time to successfully perform the tasks 
to conclude that the modified design significantly increases the user experience of 
the micro-interactions of e-mail notifications on a smartphone. 

 
The design of prototype A cannot be further developed as the iterative operations on 
the design are already performed and the design is evaluated such that it follows certain 
standards of design and usability discussed earlier. The SUS mean score of the design 
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resulted is 95.4 which is significantly high when compared to the existing design. 
Further changes in this design would result in breaking the consistency of the 
application. In the design of prototype B, the notification tab may be subjected to more 
studying as the SUS mean score resulted is 91.3, which might be improved further. 
 
A smartphone consists of numerous micro-interactions in various applications. Every 
application when studied may give rise to modifications that decrease cognitive load 
balance on the user. These can be modified by understanding the micro-interaction 
design and evaluation from this research.   
 
The future work continuing this research can be done by executing the modification of 
micro-interactions on the email application of smartphone and simulating the 
performance on the users with an “in the field” study. In the field study determines the 
user behavior towards the modification made when they are using the application 
during their routine work. This uncovers the satisfaction levels of the user based on 
their true feelings during execution than in a prototyped testing.  
 
Many areas of smartphone applications will uncover various elements where there is 
a scope of improving the UX by decreasing the user cognitive load balance. These 
when identified can be redesigned by their respective design principles. On evaluating 
the design with a reflection of the usability heuristics used in this research, will 
guarantee the maintaining of quality and standards of the implemented features. The 
usability evaluation of the design in this research is done by using Jakob Nielsen’s 
usability heuristics, other heuristic evaluations of design would result in different 
outcome on the micro-interactions. This implementation could also be carried by 
performing user-centric research by making the modifications in the micro-
interactions after a user interacts with the literature based modified design. An iterative 
process of user-centric design implementation will result in exploring additional areas 
or glitches in the present design which we might have missed. With our methodology 
being Explanatory sequential mixed method, another type of mixed method named 
“Convergent parallel mixed method” could also be experimented. This method 
focusses on collecting the design evaluation from large number of smartphone users 
in a group and UI designers in a group. These group evaluations are compared, and the 
patterns or contradictions are noted. The researcher then converges and compiles the 
findings to generate insights providing the final evaluation results. Alternatively, the 
repeated measures subject design is also believed to be appropriate for this research 
and could be experimented in the future work.  
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 APPENDIX A: SUS RATING – PROTOTYPE A 
 
 

 

System Usability Scale ratings for the Prototype A with SUS mean score of 95.4 
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APPENDIX B: SUS RATING – PROTOTYPE B 
 
 

 

System Usability Scale ratings for the Prototype B with SUS mean score of 91.3 
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APPENDIX C: TIME FOR TASK PERFORMANCE  
 
 

 

Time (in seconds) recorded to perform the tasks by the users. 
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APPENDIX D: QUALITATIVE RESPONSES   
 
 
The collection of data is done in an open ended and closed ended structure by 
performing interviews and literature study. The open-ended questions resulted in the 
user answers which are summarized as follows: 
 

• “Simpler than the previous design. Once understood, it is the best design” 
• “Advertisements and unnecessary mails irritate me the most. This modification 

is a must for everyone.” 
• “Very good concept. simple. I will use it for sure.” 
• “I do not care about the features. Need the app as simple as possible and would 

use this design again.” 
• “Less efforts on the user. Easy identification of important mail.” 
• “I do not use the app often but liked the design and would use it.” 
• “At first I needed time to identify the changes in design but it is really good. I 

like it.” 
• “Very good design. Easier to identify the important mails.” 
• “This design is amazingly upgraded, totally professional. I want it to be 

implemented in market. I would like to use it.” 
• “I often delete the unimportant mails and now I can detect important mails 

faster than before.”  
• “Identification of important mails is easier now. Especially the lock-screen 

design. Also, the application badge. Saves time.” 
• “Liked the lock-screen notification design and suggests change in the 

application badge design- badge with both the number count of important 
mails and primary mails.” 

 


