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REPURPOSING AND OPTIMIZED DESIGN FOR APPLICATIONS

Abstract

Given the emergence of mobile technology, the difference of devices and their adjunct
operating systems have been progressively enlarged. On devices with varying screen
sizes, user interaction and user experience become different. This makes web application
design a more complicated task than before in order to meet various compatibility and
user experience requirements. To fix this issue, web application design approaches have
evolved into two categories: repurposing approach and optimized approach. In this study,
I design and develop a cross-device web application by using these two approaches
respectively. Usability testing is performed to collect data and user experience comments
from respondents. Then analysis of the data shows which approach is more superior in
specific situations.

Keywords: web application, repurposing design, optimized design, responsive

design, usability testing
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Chapter 1  Introduction

1.1 Web Application for Varying Screen Size Devices

In the beginning of 21st century, user interaction with personal computers (PCs) is not
only performed on devices like desktops and laptops but also on smartphones and tablets.
Meanwhile, accompanied with these varying screen size devices, various operating
systems were keeping released, like i0S, Android, Windows 8, Mac OS and Linux. With
the support of these operating systems, applications are widely used by people to perform
specific tasks and have become one of the most essential features of information

technology market. One of the main platforms for applications is web.

The Web, with the features of high accessibility, compatibility and lightweight, has been
the bridge to distribute applications on different operating systems. “The development of
applications on the World Wide Web is not a recent topic. For more than 15 years,
computer scientists and practitioners have discovered and promoted the use of the Web as
a platform for application development” (Corral, Sillitti, Succi, Garibbo, & Ramella,
2012). Shubin and Meehan (1997) indicated “the induction of dynamic presentation
layers and scripting languages enabled web systems to conduct simple tasks, such as
filling in a form, and soon even more complex jobs like managing a database or execute

complex functions”.

“The Web-based application paradigm works by utilizing the web browser as an

intermediate level of abstraction that permits to implement the logic layer based on a
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scripting language (e.g., JavaScript) and the presentation layer under HTML and CSS,
making it easily portable to different web browsers” (Corral et al., 2012). No matter what
device it is, it has to have a browser to access the internet and web applications can be
accessed by browsers that connected to the internet. This access provides web
applications great accessibility on different platforms and devices. After accessing, the
next thing is compatibility, thanks for the consistent improvement of web technologies
and the rapid evaluation of web browsers, the compatibility of web applications is
becoming stronger in different browsers and many advanced functions can be achieved
regardless of the browsers brands. As Charland and LeRoux (2011) stated, “As even if a
browser does not support a native compatibility, it’s not because it cannot or that it won’t;
it just means it hasn’t been done yet”. It’s a matter of time for web to become a highly

compatible platform and providing web applications a great place to work.

1.2 Design Approaches for Cross-device Web Applications
In web applications design and development, the main difference of devices is

determined by screen size. In this thesis, I classified all screen sizes into three groups:

* Smartphones;
e Tablets;

* Laptops/desktops.

You might doubt that screen size of smartphones ranges from 2 inches to 4 inches; there

are tablets of 7 inches and 9 inches; laptops and desktops can range from 11 inches to 27
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inches. However, although screen sizes are still various in each of the above group,
device features and interaction within each group are very similar. In addition, new
devices with new screen sizes are continuing released, it might take forever to make a
stable and comprehensive list of screen size, which might not make more sense than my
rough list. Like Smus (2012) said, “This is only one of many possible breakdowns, but
one that makes a lot of sense at the time of writing”. Taking these issues into
consideration, a smartphone, a tablet and a laptop will be the three standard comparison

groups in this thesis.

Although can be easily distributed on devices of different groups, web applications do not
spontaneously fit the usability requirements of each group. It is designers and developers'
obligation to optimize the user experience of an application on different devices by using

certain user experience strategies. Based on Nielsen’s (2012) study:

When it comes to user experience strategy, there are two opposing schools:
* Repurposing: make as few designs as possible — preferably only one — and reuse
the same material across as many platforms as possible.
* Platform optimization: design different user interfaces for each main platform,

integrating the user experience layers as tightly as possible.

It is necessary to clarify that repurposing design is not equal to responsive design but

contains responsive design as one of its strategies. Responsive design is a popular design
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strategy including several web technologies to make web pages adapt to different kinds

of devices.

Either repurposing or platform optimization approaches is valid to accomplish the
cross-device features of a web application. In Nielsen's (2012) opinion, “Repurposing has
huge cost advantages. Most of the work must be done only once. But on most platforms,
the outcome tends to be a substandard user experience”, and vice versa. It is a reasonable
conclusion that optimized approach will give a better cross-device user experience
because designers will "integrate the user experience layers as tightly as possible"
(Nielsen, 2012) for each device group. Similarly, as Smus (2012) stated, “There is a
fundamental tradeoff here: the more device categories you have, the better a user
experience you can deliver, but the more work it will take to design, implement and
maintain”. In this thesis, I will apply the two design approaches into cross-device web
application development, following usability testing and analysis, and then comparing the
analysis results of both approaches. The final analysis results will help people choosing
the proper approach when they design and develop web applications. I assume my thesis
providing the following contributions:

* Figure out and approve the features of repurposing and optimized design approaches.

* Provide detailed standards as a reference for people to choose the proper design

approach when designing web applications.
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Chapter 2  Methodologies

In this thesis, I used repurposing and optimized design approaches to design two
cross-device applications respectively, named demo 1 and demo 2. Here “cross-device”
means the application can run on smartphones, tablets and laptops/desktops and meet the
user experience requirements of each kind of devices. User-centered design will be used
as the primary research method to meet the design requirements of the application. Figure

1 shows the application design info-structure.

Application Design Info Structure

Laptop/Desktop

Tablet Version
Version
Repurposing Repurposing
Design Design
Smartphone
Version
User-centered
Design
Application Idea
Optimized Optimized
Design Design
Tablet

Version
bk Laptop/Desktop

Version

Figure 1. Application design info structure

As it shows in Figure 1, user-centered design was performed at the very beginning to get
insights of users to construct the smartphone version of the application. This smartphone
version is the fundamental version shared by both demo 1 and demo 2. Then, for demo 1,

use repurposing approach to maximally reuse the content of its smartphone version,
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transplanting it into the tablet version and the laptop version. On the other hand, to apply
the optimized design approach on demo 2, I developed the optimized tablet version and
the optimized laptop version. The point of optimized design is focus on deliver the
corresponding user experience of specific device but not maximally reuse content.
Although each approach has its characterization, they are not exclusionary to each other.
For example, when doing repurposing design, I should also consider user experience of
specific devices; when doing optimized design, I can reuse content as well. In the rest of

this chapter, I will introduce these design methods and how will I apply them.

2.1 Repurposing vs. Optimized Design Approaches

Repurposing design and optimized design are the main methodologies of this thesis.
When applying repurposing design, a designer should first design for one screen size
device, and then maximally transplant the design and content of this version into other
screen size devices. I chose media queries, a technology of responsive design to perform

this transformation.

World Wide Web Consortium (2012) defined media queries:
A media query consists of a media type and zero or more expressions that check for
the conditions of particular media features. Among the media features that can be
used in media queries are ‘width’, ‘height’, and ‘color’. By using media queries,
presentations can be tailored to a specific range of output devices without changing

the content itself.
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Besides media queries, I think repurposing design is a collection of methods that can
make an application more adaptive on different size screens. For example, according to
Urban Dictionary, “fat finger” is “A specific kind of typo where one stroke presses two
keys instead of the intended one” (“Fat Finger,” n.d.). To perform touch gestures
correctly, a button should be big enough to prevent the "fat finger" problem. Another
method called “content strategy” which means the content should be simpler on smaller
screens than it is on larger screens. Because according to the smaller screen size, keeping
all the same information as it is on a larger display can be inconvenient to read. Most
importantly a designer should keep the concept of repurposing design in mind in order to

grab even a little method to make a web application adaptive.

On the other hand, the concept of optimized design is pretty straightforward. As it
literally means, optimized design focuses on delivering optimized user experience on a
specific platform. Designers customize an application to fit the usability of specific
platforms. But it does not mean they cannot reuse content between different platforms.
Reusing content is just not the main point of optimized design. On demo 2, optimized

approach will be performed in the design of both of the two device groups.

2.2 User-Centered Design

User-centered design is performed as the primary research method to get insights from
users. As Wikipedia stated, “In broad terms, user-centered design is a type of user
interface design and a process in which the needs, wants, and limitations of end users of a

product are given extensive attention at each stage of the design process”
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(“User-Centered Design,” n.d.). In fact, today this design method has become a lot
broader. It is practiced in nearly all of the design fields especially in application design.
Because in application design, “It is often very difficult for the designers of a product to
understand intuitively what a first-time user of their design experiences, and what each

user's learning curve may look like” (User-Center Design, n.d.).

The main point of user-centered method is designers ingratiate users but not users follow
designers. Each application performs some kind of tasks. If it is confusing to understand
and use at the first time, users might leave and never return. To attract users, designers
have to look from a user's perspective and study user behavior to understand users and
make user-friendly design. Thus I choose user-centered design as my fundamental design
method to construct the application concept and build the smartphone version of the

application.

Since this thesis just uses user-centered design as a tool to get user insights, but does not
focus on how to perform user-centered design, I used the basic and necessary features of
user-centered design, like interview, analysis and prototype but not a comprehensive
collection of features of this design method. My design research process is:

* User interview

* Insight analysis

* Wireframe

* User interview

* Insight analysis
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* Refine wireframe
* Design
* Implementation

* Usability test

After introducing the main methods. Research and design will be performed in next

chapter.

Chapter 3 Case Study: Design of Stock Tracker Web

Application

I applied repurposing design and optimized design approaches on a web application,

named Stock Tracker. Users can use it to track stock information of specific companies.

3.1 Design Requirements

Stock tracker applications are not a new idea in the application industry. There are stock
trackers with various functionalities for almost all of the operating systems. The objective
of my stock tracker is to practice different design approaches on it. So I decided to keep it

simple and functional.

To construct the application, I performed user-centered design methods to understand

user needs. My target users should have medium or advanced knowledge of stock
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investment. Field research was conducted with interviews and questionnaires. Here are

some of my typical questions:

* Talk about your main investment activities?

* How do you track stock information?

* How often do you track specific stocks?

* If use a stock tracker, what functionalities do you need?

* On what kind of devices would you usually use a stock tracker application?

I interviewed several users for this study. Some of them graduated with degree in
investment banking, and the others are casual investors. By analyzing their answers, I had

the following insights:

1. Stock market has a long history. It has some traditions and rules, no matter
visually or functionally, and investors have got used to these traditions. It is better
to follow but not break the rules when designing a stock tracker, or users would
feel uncomfortable with the new design and refuse to use it.

2. When tracking a stock, investors are not only satisfied with basic stock data, like
current price and change, but need a more comprehensive information of the stock,
including most of the detailed stock data, the graphic chart and related news.
Although the information of a stock can be a lot more than this, these three parts
are much enough for a lightweight application.

3. There are four kinds of stock charts in the industry. They are line charts, bar

10



REPURPOSING AND OPTIMIZED DESIGN FOR APPLICATIONS

charts, candlestick charts, and point and figure charts. The target users of my
study prefer candlestick charts for it can represent more comprehensive
information than the others.

4. Search and store stocks should be the most fundamental function of a stock
tracker.

5. The related news of a company is very helpful for analyzing its stock.

6. Comparing stocks from the same industry can provide insights for users.

Then, the following application structure was developed according to the above insights.

The final design includes the following features:

1. It has two main functions. The first function let users to search and store stocks as
a list. The second one let users to make stock groups and compare stocks within
each group.

2. When looking into a stock, users are able to see some detailed stock data, a
candlestick chart of the stock and the related news of the stock.

3. The visual design of this application should follow the traditional features of stock

market.

With these features as the guideline, I built the initial wireframes of the application. A
second round of user interviews was conducted based on the initial wireframe. This
iterative process of design and user feedback continued until the wireframe was

satisfactory. Figure 2 and Figure 3 shows the draft of the initial wireframe and the final

11
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wireframe respectively.
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Figure 4 illustrates the application structure:

Application Structure

First page
“My List” “Comparison Group”

section section
i Customized
Stock list y
Default groups groups
Data Chart News Default stock Customized stock Customized stock
list list list

Figure 4. Application structure

On the first page, there is a main menu with two main functions, named “My List” and
“Comparison Group”. Under the main menu is the application guides which indicate the

functionalities of each section and how to use them. See Figure 5.

13
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‘@00 demo e

JG demo | —
G) @ stocktracker.neti 77 v C ] (E:]' Goong) @ (E3~] 22|+

MyjList comparisoniGroups Two main functions

App Guide

Application guide

“My List" lets you “Comparison Groups"”

create your own stock  let you make

list by entering stock comparison groups.

symbols. Then, in each group,
you can store stocks
and compare them
according to specific
data.

You can either enter the correct name or stock
symbol of a company to add its stock to your list.
For example, enter either “"google” or “goog” will
find the stock of Google Inc.. Have fun!

Figure 5. Main page of the smartphone version

After click into “My List” section, there is an input bar let users enter the name or symbol
of a company. The company that users found will be listed in the dark area. On the right
of the input area is a button called “clean my list” which can delete the current stock list.
Below the input bar is another bar with different kinds of data names on it, including

“Symbol”, “Name”, “Price”, “Change” and “Change%"”, each one on the top of a column.

14
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The corresponding data of each stock will be showed in each column, under the data

names. See Figure 6.

‘@06 demo ")

J demo [

@) @ stocktracke ¢ (B~ GoooQ ) @
VISt CompansoniGroups

Input bar to search a company

Enter a company name/symbol:yah|

c!ean my listA Delete button to clean the stock list
)

Chg(%

Data type bar

Click on the stock you added to read more details.

GOOG Google Inc. 806.25 +4.99 +0.62%

Stock list created by users

AAPL Apple Inc. 430.48

Figure 6. “My List” page of the smartphone version

Then by clicking on each stock the application goes to the stock detailed information
page. The detailed information includes some comprehensive stock data, a candlestick

chart based on timeline, and the news related to this stock. In the candlestick chart users

15
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can choose time span from past one month to one year. By click on the related news, the

page will be redirected to the original web page of the news. As Figure 7 shows:

r

8006 demo

' demo [

@ & stocktracker.neti c ] (' Grmg!tQj @
MyJLISt ComparisoniGroups

Change(%): +0.64%

Last Trade Date: 2/15/2013

Market Cap: 261.4B

P/E Ratio: 24.46

Month Quarter Year

News related to this company

Change: +5.07

Div Share: 0.00

Earnings Share: 32.214

EEITDA: 16.278B

Short Ratio: 1.30

Google to buy marketing services company for $125 million - Reuters

Google wins landmark advertising case in Australia - Yahoo! News (blog)

Data Makes Them Kings: Facebook Inc (FB), Geogle Inc (GOOG),

Amazon.com ... - Insider Monkey (blog)

Figure 7. “My List” detailed information
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Another main functionality is called “Comparison Group”. In “Comparison Group”, users
can search some companies in the same industry and put them into a comparison group.
Then open the group and compare these companies according to specific data. There are
also some default groups. By click and go into each group, users can get a list of default
companies. They are the famous companies in their fields and can be used as references
when users comparing stocks. In addition, some stock data names (PE Ratio, PEG Ratio,
Short Ratio, Change%) are been showed for users to compare stocks. According to the
user research, these stock data is considered vital when comparing stocks. Besides the
default company list, users can search and add companies, customizing their own
company list. Also, if users do not want to use the default groups, they can create their
own groups. Figure 8 and Figure 9 shows the functions in the “Comparison Group”

section.

17



REPURPOSING AND OPTIMIZED DESIGN FOR APPLICATIONS

‘@006 demo &

J e m......._..._....—.
@:) @ stocktracker.neti 77 v & ] C' Googl&Q) @ |n'| l’{l'l

MyjList comparisoniGroups

Create a group: MY group + ::Ta?;f ;12)[:;;)5 Delete the group created by users

Input the name of a group

IT: company comparison group(Default)

Financial company comparison group(Default) Default groups

Manufacturing company comparison group(Default)

Group created by users

Figure 8. Functions of the “Comparison Group” section
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‘@00 demo ")
Ic (=l
@ @ stocktracker.neti 7’ C'] (B~ GooglQ ) @ |n'| a ‘vl
MyjJEiSt GomparisoniGroups

Enter a company name/symbo Add a stock to the user customized list

Symbol Name PERatio  PEG Ratio Short Radio  Chg(%) Data types which are useful when
comparing stocks
Default company list

GOOG GoogleInc. 24.46 i
9 Default company list

Apple Inc.

Microsoft
Corpora

Facebook, 1900.00
Inc.

Yahoo! Inc.

User customized list ‘ ' clean customized list

AMZN Amazon.com, Company list created by users

Inc.

Figure 9. Functions in a default group page

In this application description, I went through all the design and functionalities of the
stock tracker. The smartphone version of it is finalized. But as a cross-device application,
how does it look and perform on tablets and laptops? The answer is implement

repurposing design and optimized design on it.

19
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3.2 Approach 1: Repurposing Design
Repurposing design involves developing a single fluid design that can be presented on
multiple devices. According to this strategy, I decided to not change the elements but

only the layout of the user interface components for the tablet and laptop versions.

Before dive into repurposing design, I need to set up the screen size standards of
smartphones, tablets and laptops. As follow:

* Smartphone: 0 < screen size < 480px;

* Tablet: 480px < = screen size < 1024px;

* Laptop: screen size >= 1024px.

Width Standards of Different Devices

width >= 1024px

—— 480px <= width < 1024px

width < 480px

Smartphone Tablet Laptop/desktop

Figure 10. Width standards of different device groups

The boundary numbers of this standard are flexible and should only be considered as a
reference because there is not an exact width standard for those devices. I choose these
boundary numbers just because they are reasonable pixel widths for smartphones, tablets

and laptops/desktops.

20



REPURPOSING AND OPTIMIZED DESIGN FOR APPLICATIONS

Then I used media queries, a web technology to change the layout according to specific
platforms. “Media Queries is a CSS3 module allowing content rendering to adapt to
conditions such as screen resolution” (“Media Queries,” n.d.). In another words, I wrote
three CSS style sheets named style-small.css, style-middle.css and style-large.css. Then
wrapped them by three different media queries. When the browser size matches the
specific width standard, the corresponding media query will request browsers to pick the

proper style sheet from the three style sheets and render it.

For tablet interfaces, my target display proportion is landscape. When the width of the
screen exceeds 480px and smaller than 1024px, I used a media query to move the main
menu from top to the left side, in order to keep the visual design stay in a good proportion.

As it shows in Figure 11.

‘@00 demo &
o demo T ——
@) @ stocktracker.netii.net/stockTracker-rep/index.php C'] 4\8' Google Q) @

MyJLiSt

GCOMpAarisonGroups

App Guide

"My List" lets you create  "Comparison Groups" let

your own stock list by you make comparison

entering stock symbols.  groups. Then, in each
group, you can store
stocks and compare
them according to
specific data.

You can either enter the correct name or stock symbol

of a company to add its stock to your list. For

example, enter either "google” or "goog" will find the
v stock of Google Inc.. Have fun!

Figure 11. Relocate the main menu for the tablet version
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When the width of the screen exceeds 1024px, the device is considered as
laptops/desktops. There will be more space for me to show more information at one
screen. But to keep following repurposing approach, I kept the same user interface
components as much as possible. Hence I simply made the width of the application

became 80% of the browser width, and made the design stays the same. See Figure 12.

ene6e demo >
18 demo Ll
() @ stocktracker.netil.net/stockTracker-rep/index.php ¢ (B3~ Google Q) |A) (B~ | # -

| Enter a company name/symbol:

COMPparsoniGroups Google Inc.

Apple Inc.

The application width is 80% of the browser width
| Pl |

Figure-12. The application width is 80% of the browser width on the laptop or desktop

version

As its definition, repurposing design keep most of the design components the same on

different devices and adaptive to different devices. This design approach is easy to be
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implemented.

3.3 Approach 2: Optimized Design

Optimized design means “design different user interfaces for each main platform,
integrating the user experience layers as tightly as possible” (Nielsen, 2012). According
to the definition, I designed the application interface based on the unique features of each
screen size group. The main difference between small screen devices and larger screen
devices is screen space. When there is more space, the application can show more

information at a time.

On the smartphone screen (screen width < 480px) I separated the information hierarchy
into several layers. Users can access information by clicking through each layer. When
the screen size become larger, I integrated the previous two layers information into one
layer. Thus the information hierarchy becomes simpler, and users can get more
information on each layer. Figure 13 illustrates the design thinking when I was

performing optimized approach on the application.
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Design Thinking of Optimized Approach

/ Main page / e
|

Smartphones

Tablets
Layer 1

/ My list / Main page / Comparison group/

Laptops/Desktops

Layer 1

/vw list detai% My list / Main page / gr‘;mll)’amycroup details/
U

Figure 13. Design thinking of optimized approach
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To participate the design thinking on tablets, when the screen width between 480px and
1024px, the application display the detailed stock information of “My List” and the
detailed group information of “Comparison Group” in one screen. After users click on a
stock in “My List”, the detailed information will be showed on the right side black area.
The same as it is in “My List”. Thank for the bigger screens of tablets, more information
can be integrated in one screen. Users can see stock list, group list and one of their
subordinate information at the same time. See Figure 14, Figure 15 and Figure 16 for

details.

e 06 demo "

J/ e demo V " wv\l 4 l

@ @ stocktracker.netii.net/stockTracker-opt/index.php c | (B3~ Google Q) @ B~ |* |-

Enter a company name/symbol: +

|| clean my list|
Symbol~ Name Prc Chg Chg(%) |
Click on the stock you added to read more details. ‘

GOOG Google 802.79 +9.94 +1.25%
Inc.

Either subordinate information of a stock

A A DIIC D S-20 or a group can be showed in this area

Inc.

GOMPAansomuoroups

Create a group: +

‘remove non- |
default groups |

Click on a group to open it.

Figure 14. Optimized interface design for tablets
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demo "

demo I 4+

6) @ stocktracker.netii.net/stockTracker-opt/index.php (< ] ' Google Q) @
(c{ofo]c]

Ask: 802.85 Change: +9.96

Enter a company name/symbol:
Change(%): +1.26% Div Share: 0.00
clean my list

Symbol= = Name Chg(%) Last Trade Date: 2/19/2013 Earnings Share: 32.214
Market Cap: 264.7B EBITDA: 16.278B
GOOG Google
Inc.
P/E Ratio: 24.61 Short Ratio: 1.30
AAPL  Apple
Inc. 50day Average: 746.525 Year Range: 556.52 - 793.26
Month || Quarter = Year

ComparisonGroups)

remove non-
default groups

IT company comparison group(Default)

News related to this company
Financial company comparison

group(Default) Google Inc May Launch Retail Stores By Year-End: Report -
International Business Times

8 006 demo =]

& demo [

6) @ stocktracker.netii.net/stockTracker-opt/index.php (< ] ' Google Q) @

IT company comparison group(Default)

Enter a company name/symbol: +

Enter a company name/symbol: +
Symbol Name PE Ratio PEG Ratio  Short: Chg(%)
clean my list Radio

Symbol= Name Prc Chg = Chg(%) Default company list

GOOG Google
GOOG Google +9.94 Inc.
Inc.
AAPL Apple Inc.
AAPL  Apple
Inc.
MSFT  Microsoft
Corpora
CompansonGroups
3:] Facebook, 1888.00
Inc.

Create a group: +

YHOO Yahoo! 6.41
remove non- Inc.
default groups

User customized list clean customized list
IT company comparison group(Default) AMZN Amazon.com, : 1.90
Inc.

Financial company comparison
group(Default)

Figure 16. Subordinate information of a default group
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When it comes to laptops (screen width >= 1024px), screen sizes become even bigger.

With a lot of space, I built all the information at one screen. “My List” section takes the

left half part of the screen while “Comparison Group” section takes the right half part,

and both of them show their subordinate information on the bottom half part of their own

area. Users can see every thing on one page, as it is shown in Figure 17.

“My List” section Stock list Group list “Comparison Group” section
eno demo
) damo Ll
() & siochrrackernetibiet/stockTracker-ont index s < (8- allelm

€03, comparty,name/ symbol:

G006 Googe Inc. 932 T company comparison group(Defautt)

Tl omosy oo o S oonDeraut)
AL Ao e Financial company comparison group(Default).

Manufacturing comparnty comparison group(Defavit).

Food and beverage company compartion groop(Defautt)

Erx Ry COmpaty CoMparison groe p{Def: it))

Ask: 802,51 Change: +9.62
Change(X): +1.21% Div Share: 0.00

Last Trade Date: 2/19/2013 Earnings Share: 32.214

Market Cap: 264.68 EBITOA: 16,2788

P/E Ratio: 24.61 Short Ratio: 1,30 Apple Inc

S0day Average: 746,525 Year Range: 556.52 - 793.26

Microsoft
R0

Stock list details Group list details

Figure 17. All information on one screen for the laptop or desktop version

By doing optimized design, I dug into the features of each device and customized the

application interface for each one. It took more time to design this than design

repurposing interfaces. By far, all the design work is done. In next chapter, I will

introduce how I build the design into a real web application.
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Chapter 4  Development

In this chapter, I will introduce the technology that I used to develop the stock tracker and

the data structure of the application.

4.1 Introduction: Web Technology
The stock tracker is a web application that runs on browsers. It was purely developed by
web languages and has four technical layers: content layer, presentation layer, function

layer and data layer. See Figure 18.

Content layer: HTML

Presentation layer: CSS

Function layer: JavaScript

Data layer: PHP

NI

Figure 18. Four technical layers of the stock tracker

The content layer is the foundation of a web page. It contains all the user interface

elements, including text, images and videos, and is written by hypertext markup language.
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“HyperText Markup Language (HTML) is the main markup language for creating web
pages and other information that can be displayed in a web browser.... The purpose of a
web browser is to read HTML documents and compose them into visible or audible web

pages” (“HTML,” n.d.).

The presentation layer controls the layout and visual style of content elements and is
built by cascading style sheets. “Cascading Style Sheets (CSS) is a style sheet language
used for describing the presentation semantics (the look and formatting) of a document
written in a markup language. Its most common application is to style web pages written
in HTML and XHTML” (“Cascading Style Sheets,” n.d.). For example, “Hello World” is
a plain text on a web page. By using CSS designers are able to set the text with a new

font family, make it red, resize it to 20px, and locate it to the center of the page.

The function layer is responsible for the interaction between web interfaces and users.
This layer is wrote by JavaScript. “JavaScript (JS) is an interpreted computer
programming language. It was originally implemented as part of web browsers so that
client-side scripts could interact with the user, control the browser, communicate

asynchronously, and alter the document content that is displayed” (Flanagan, 2006).

The data layer is used to connect the application to database and is controlled by PHP.
“PHP is a server-side scripting language designed for Web development but also used as
a general-purpose programming language.... PHP code is interpreted by a Web server

with a PHP processor module which generates the resulting Web page” (“PHP,” n.d.).
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With all of the four layers work together, the stock tracker becomes a fully functional
web application. Then I will introduce the data structure and connection of the

application.

4.2 Data Structure and Connection

The main idea of the stock tracker is to retrieve specific data from database according to

user input. Thus database provides all the information used by this application.

I chose Yahoo! Finance as my database. Its application programming interface (API) let
developers to interact with the database. In addition, Yahoo! Query Language (YQL) is a
query platform developed by Yahoo! and it can help developers easily retrieve data from
Yahoo! Finance API. The information retrieved from the database includes real time

stock information and historical stock information.

Besides database, 1 used Google Feed API to filter news and get those related to a
specific company. Furthermore, to make candlestick stock charts in the application, I
used D3.js to dynamically bind historical stock data with interactive graphics. Figure 19

and Figure 20 illustrate the data structure and how data is connected to the user interface.
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Server side
Yahoo! Finance
Yahoo! Finance
API
Google Feed API YQL
\\ \\
Client side N
Stock|data D3.js
Related news
stock chart
User Interface

Figure 19. The data structure and connection of the application
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‘@00 demo "o
@ demo L+ :
@) @ stocktracker.neti - %7 (& ] (v GoogIeQ) @
MyJEIST GCOMparisoniGroups

Ask: 792.75 Change: +5.07

Data from Yahoo! Finance
Change(%): +0.64% Div Share: 0.00

Last Trade Date: 2/15/2013 Earnings Share: 32.214

Market Cap: 261.48 EBITDA: 16.278B

P/E Ratio: 24.46 Short Ratio: 1.30

50day Average: 746.525 Year Range: 556.52 - 793.26

Month Quarter Year

Data from Yahoo! Finance,
bind by D3 js

News related to this company Data filtered by Google
Feed API

Google to buy marketing services company for $125 million - Reuters

Google wins landmark advertising case in Australia - Yahoo! News (blog)

Data Makes Them Kings: Facebook Inc (FB), Google Inc (GOOG),
Amazon.com ... - Insider Monkey (blog

Figure 20. The connection between application interface and database

In the next chapter, usability testing will be performed, and then I will analyze the test

results and compare both design approaches.
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Chapter 5  Usability Test

5.1 Objectives
In the previous chapters, I used repurposing approach and optimized approach in the
design of stock tracker application. In this chapter, I performed usability test on this

application, getting data and insights to analyze and compare both design approaches.

5.2 Planning

When planning the test, the first thing to consider is the number of users. According to
Nielsen’s (2000) study, “Elaborate usability tests are a waste of resources. The best
results come from testing no more than 5 users and running as many small tests as you
can afford”. “His argument is that, once it is found that two or three people are totally
confused by the home page, little is gained by watching more people suffer through the
same flawed design” (“Usability testing,” n.d.). According to Jakob Nielsen’s comments
and considering the time cost for this thesis I decided to find four users to test my stock
tracker application. Some of my respondents are graduated with degree in investment

banking and others do not have investment experience.

The test can be separated into three parts: tasks, questionnaire and discussion. For tasks, I
set down twelve tasks to let respondents go through all the application functions
step-by-step to perform varying missions. Below is the task list:

In “My List” section:
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1. Add the stock of Google, Apple and Microsoft to the stock list.

2. Find the stock with the biggest absolute value change in the list.

3. Find the market cap and the dividend share of that stock.

4. Open the nearest quarter candlestick chart of this stock.

5. Read one of the related news of this stock.

6. Delete the stock list you just created.

In “Comparison Group” section:

7. Compare some IT stocks from default setting.

8. Figure out which company in the IT company comparison group has the highest
PE radio?

9. Add two stocks into the user customized list of the default IT company
comparison group

10. Create a comparison group called “my group”.

11. In “my group”, add two stocks and find the one with the highest short ratio.

12. Delete “my group”.

Respondents are going to be asked to perform the tasks on most of the application
versions, including the repurposing tablet version, the repurposing laptop version, the

optimized tablet version, and the optimized laptop version.

After finishing all the tasks, they will be asked to complete questionnaires. The content

for the questionnaire is based on user experiences from all of these versions. The analysis

will be performed based on their answers. I numbered all the four test demos:
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1. Repurposing tablet.
2. Repurposing laptop.
3. Optimized tablet.

4. Optimized laptop.

Then I will ask subjects to arrange these versions in the order of degree they prefer from
best to worse according to four specific questions. Besides the four questions, there are
also some other questions to get user comments on the application versions. In the end of
the test, I will discuss with subjects in order to get the insights of their overall impression

on the four versions of the stock tracker.

5.3 Execution

Since the design and development have been done, subjects were asked to do the tasks on
the real application. I stayed with them, observing their actions, answering their questions
and taking notes. At the same time, I recorded the whole process with audio and

photography. Figure 21 shows the photo from a usability test.

Figure 21. The photo of a usability test
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Some subjects could not come to test. So I asked them to do a remote user test via video
chat software. Since it is not possible to observe their interaction with the user interface, I
asked them to use think aloud protocol to do tasks. “Think-aloud protocols involve
participants thinking aloud as they are performing a set of specified tasks. Users are
asked to say whatever they are looking at, thinking, doing, and feeling as they go about
their task. This enables observers to see first-hand the process of task completion”

(“Think aloud protocol,” n.d.).

5.4 Analysis

To analyze the user test data, I set up two sections, “user experience” section and “design
and develop” section, and a bunch of attributes to score the performance of each version.
There are four attributes in user experience section: intuition, accuracy, efficiency and
emotion. For design and development section, there are two attributes: time and difficulty.
Then I made some questions asked users to arrange the demo versions according to
specific attributes. For example, below are some user test questions and answers to score

the versions for user experience attributes:

Please arrange these versions in the order of degree you prefer from best to worse:
1. Repurposing tablet.
2. Repurposing laptop.
3. Optimized tablet.

4. Optimized laptop.
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1. Which demo version is more intuitive for you to finish the tasks? (For the “intuition”

attribute.)

1>2>3>4

2. Which demo version did you make less “undo” or mistakes when performing tasks?
(For the “accuracy” attribute.)

2>1>4>3

3. Which demo version did you take less time to complete the tasks than the others?
(For the “efficiency” attribute.)

2>1>4>3

4. Which demo version do you like? (For the “emotion” attribute.)

1>2>3>4

The above four questions corresponds to the four attributes (intuition, accuracy,
efficiency, emotion) respectively. In the answers, the first version will get 4 points and
decrease to the last version which will get 1 point. In this specific test, the answer of the

“accuracy” attribute is “2>1>4>3", thus the scores for the “accuracy” attribute would be:

2. Repurposing laptop: 4 points,
1. Repurposing tablet: 3 points,
4. Optimized laptop: 2 points,
3. Optimized tablet: 1 point.

For design and develop attributes, I asked myself two questions and use the same way to
score them:

Which version you use less time to design and develop than the others? (For the “time”
attribute.)

Which version is easier to build? (For the “difficulty” attribute.)

After data processing and scoring, I made a chart to visualize the analysis results. I used
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percentage scores for each attribute of each version. For instance, the total score of the

“Intuition” attribute is 16 points (the maximum score for each test is 4 points and there

are four user tests). The repurposing tablet version got 11 points in the “Intuition”

attribute. 16 divided by 11 is 69%. The percentage score of the “Intuition” attribute of

repurposing tablet is 69%. The same logic of percentage scores was applied to all the

other attributes. See Figure 22:
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information hierarchy:
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69% 88% 44% 56%
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that busy.
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the data type bar ‘most difficult to use for too
should be fixed many information appears at the
elements. same time.

56% 100% 38% 63%

- / - -

It is the most time || Don’t like the scroll - spent the longest time to finish
consuming version || bar in opt-tablet tasks on this version.

to finish the tasks. | version and prefer

non-scroll window.
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intuitive version for
me to finish the

tasks.

N\t better that the default
comparison groups can have a
drop down menu, and when
the menu is dropping down,
group name s highlighted

63%

Repurposing
versions are better

for they do one task
ata time.

69% 88% 44% 50%

It is my favorite
version.

0, 0, 0, [
100% 75% 50% 25%
- - Because the informa-
By using media tion heirarchy has
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ew steps to change using CSS media
the layout from query will not work. I
smartphones to \ have to use JavaScript
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\
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Figure 22. Chart of the usability test analysis
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This chart illustrates how much scores each application version got on each attribute. By
this chart people can get the big picture of how differently application versions perform
in different attributes. In the next chapter, I will make the thesis conclusion based on all

the previous usability test results.

Chapter 6 Conclusion

Based on the analysis in the previous chapter, the total scores of the four versions are:
repurposing tablets: 49, repurposing laptops or desktops: 64, optimized tablets: 30,
optimized laptops or desktops: 40. After calculated into percentage scores, they are:
repurposing tablets: 68%, repurposing laptops or desktops: 89%, optimized tablets: 42%,

optimized laptops or desktops: 56%.

For the user experience section, the scores of the four versions are: repurposing tablets:
41, repurposing laptops or desktops: 58, optimized tablets: 26, optimized laptops or
desktops: 38. After calculated into percentage scores, they are: repurposing tablets: 64%,
repurposing laptops or desktops: 91%, optimized tablets: 41%, optimized laptops or

desktops: 59%.

For the design or develop section, the total scores of the four versions are: repurposing

tablets: 8, repurposing laptops or desktops: 6, optimized tablets: 4, optimized laptops or
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desktops: 2. After calculated into percentage scores, they are: repurposing tablets: 100%,
repurposing laptops or desktops: 75%, optimized tablets: 50%, optimized laptops or

desktops: 25%.

Figure 23 and Figure 24 visualize the relationship between scores, attributes and
application versions:

Repurposing tablets s Optimized tablets

Scores (%)

Repurposing laptop/desktop Optimized laptop/desktop

90
80
70
60
50 A
40

30

Attributes

Intuitive Accuracy Efficiency Emotion

User Experience Section Design & Develop Section

Figure 23. A chart to illustrate the scores of all attributes for the four versions
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. Total score

. User experience score
Scores (%)

- Designé&develop score
100

90
80
70
60
50
40

30

Versions

Repurposing Repurposing Optimized Optimized
tablets laptops/desktops tablets laptops/desktops

Figure 24. A chart to illustrate the total scores and section scores of the four versions

From the above charts, in most cases, no matter in total scores, user experience scores or
design and develop scores, demos designed by repurposing approach got higher scores

than demos designed by optimized approach.

One important thing to mention is the optimized design approach in this thesis is
performed by changing the information hierarchy (display more information on one
screen as the screen getting bigger), as it is shown in the Figure 13. Thus the analysis and
conclusion of this thesis should all base on this specific feature. There are also some
comments about the feature of changing information hierarchy in optimized versions, for

examples:
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* “In optimized tablet version, it is better to have more indication between the
higher and lower information hierarchy.”

* “In optimized tablet version, when scroll up and down, the data type bar should be
fixed elements.”

* “Don’t like the scroll bar in optimized tablet version and prefer non-scroll
window.”

* “It is better that the default comparison group in optimized laptop version can

have drop down menus, and when the menu is dropping down, group name is

highlighted.”

The above comments indicate that after integrating more information to one screen in
optimized tablet and optimized laptop or desktop versions, the application information
hierarchy becomes fuzzy; as the application information getting more on tablets and
laptop screens, there will be some scroll down menus to control the overflowed
information, but users do not like to use many scroll down menus to navigate information;
more information in one screen can make users feel the information hierarchy is busy and
hard to use. On the other hand, repurposing versions are liked by most of the respondents
for their information hierarchy is simple and users can do one task on a specific screen
but not confused by several tasks on one screen. Although in large screens the simple
information hierarchy of repurposing versions can be a waste of screen space,
respondents think it is not important comparing to its advantages. Thus performing
optimized design by adding more information while screen size becomes larger is risky,

because normally it would be more time-consuming and more difficult to design and
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develop the optimized versions, and the optimized versions are very likely to provide
poorer user experience comparing to repurposing versions in the context of lightweight

web application design.

According to all the previous works, repurposing approach is better than optimized
approach in lightweight application design if optimized approach is performed by
integrate more information to one screen while the screen size become larger. There
might be a bias on the scores of design and develop attributes because I was the only
respondent. Additional study with a larger designer and developer respondent group
would resolve this issue. It is also important to note that the study is based on an
application that demands a fluid environment. My study tests a stock tracker to work
across multiple devices for the same user. So the scores of “intuition” and “efficiency”
attributes will drop on optimized versions because of a learning curve: users need to
rethink the functions of each optimized user interface of the specific device. On the other
side, for repurposing versions, the user interfaces change very little and are likely to get
higher scores in the “intuition” and “efficiency” attributes. For other types of applications

with different user needs, the testing methods and results may be different.

Hope the analysis and conclusion of my thesis can be a helpful reference for people who

plan to design cross-device web applications.
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