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This study is about the usability and preferences of scrolling techniques used in the websites

in the respect of usability principles. The four scrolling techniques have been studied,
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For some moment, just close your eyes and try to think how technology has been advanced
these days and these make lives easier for everyone. With an incredible enhancement in the
field of technology, touch base interface is one of the revolutionary inventions which makes
LIS2 L) SQa t AFS S| axAldeikei®2BrohdhFO2WMle dercdrriing thel | & 1 a
touch base interface, scrolling gesture is one of the most popular ways of interacting with the
system and it gives the flexibility to access information. Basically, scrolling is a sliding
movement which allows the user to find desired information displayed on the screen of

electronic devicegDou & Sundar, 2016)

Scrolling is typically performed with a mouse often with a builscroll wheel on a desktop
computer and a touchpad on laptop computers whereas finger or a stylus are used to scroll in
mobile devices. With thdevelopment of webpage design in the last few years, there has been
done lots of enhancements in scrolling design. In the beginning, scrolling was taken lightly but
after lots of improvements made in web development, scrolling technique has also been

simutaneously advanced which helps people to interact on the web more easily.

With the development of website design, people's interactions with the webpage have also
been increased. Designers and developers were more concerned to develop new techniques
and irteraction methods from which people get more benefits and can achieve more
interesting and pleasure filled experience tme web(McCracken & Wolfe, 2004)Web
contents are an ocean of information and people can find anything they wish. People need to
move from top to down, left to right while looking for speci€ontent on a website. Scrolling

is a technigue introduced in a website from which people can navigate pages from any

direction in linear contents.

This research study is focused on the evaluation of scrolling techniques on websites by
examining the commn issues found in previous studies. Infinite scrolling along with normal
scrolling techniques was investigated in this study and possible improvements were discussed
in the context of universal design. Before inspecting the common issues found in infinite

scrolling, it is important to know what actually infinite scrolling and normal scrolling are.



According toAhuvia (2013)infinite scrolling is a web design technique where contents are
automaticallyloaded in a single page and allows people to scroll continuously to feel like there
is no end in a page. Whereas, normal scrolling is just a slide movement, which can be done

either horizontally or vertically.

In this study, experimental researchethodology and quantitative data analysis have been

used to analyze the data collected from the real experiment. In total, there were four websites

with the same content and design but differed in scrolling techniques, which were evaluated
simultaneouslyusing four different task groups. Four prototype websites; normal scrolling
OpAGK RSTFlLdA G LI IAYFGA2Yy0S AYFAYAGS aONREEA
LYFAYAGS {ONRttAY3 6A0K aLiuseolyWCAG 20/glides S NE R S
(W3C®, 2008All of the websites had two pages: Home and Shop Page, the Home page had
news/blogsinformation in different categories and Shop page had different kinds-of e
commerce products and electronic gadgets. A wiibject experiment (testing on each

prototype websites by each participant) was conducted with target participants by using four
RAFFSNByYyUG GFail 3INRdzLIAP® t F NHIAOALI yiQa adzmaSOi

for result analysis and conclusion to answer the proposed research questions.

12! yAOSNAEIf 58aA3y Ay 280 ! LILXAOIGAZY

Universal design as defined by the Disabiltgt 2005 of Ireland is; " The design and

composition of an environment so that it may be accessed, understood and used

f G2 GKS aANBlLGSad LraarofS SEGSyY

T Ay GKS Y2ald AYRSLISYRSYyd YR yIFddz2NFYt YIFyySN

T AY GKS gARS&ld LIaaArotsS Nry3aS 2F aralddza dAazya

T 2A0K2dzi GKS ySSR F2NJ I RILI I GAAL2SY/CA A & 2ARASIRR ¢ la &
o0& lFye LISNar2ya 2F lFye 3S 2NJ aAl S 2N KI GAyY:
2N AYOISAE BD& d2 H] RADEBAE ARE®RIYS HAnno

A team of norweb designers led by Ronald Mace from North Carolina State University in 1997

have provided 7 pnciples of universal desigihey are as follows:
1. 9ljdzAGrotS | as
A

2. Ct SEAbABAGR y



3.{AYLX S YR LydGdzAdA@S as
4. t SNOSLIiAGES LYTF2NXYIFGAZY
5. ¢2f SNI yOS F2NJ 9 NNBNJ
6. [ 26 t KeaAOlft 9FF2NI
7.{ATS IyR { L) OS &2 NNXWONRE SEK>I yRnras
In terms of universal design in web application, the webpage should be designed in such a
manner so that it may be used by any person, such asgsexfriendly website with a

customizable user interface and compatible with assistive technologies.

MOPHDOM 2S0aArAidsS I O0OSaaAroAtAle
This refers to the accessibility of the website contents to the user with the easy navigation
options, high contrast contents, perceple information to all users through the organization

of related contents, use of graphics, and also ability to maintain user's interest.

MPHDPH 2S0aAilS dzaloAfAde

This refers to ease in use of the website by users to access available features. Suoh as s

jacking limits user's ability to view website content at their own speed, ability to adjust the

text size to increase readability, simple and intuitive website design enabling users with
varying knowledge, language, the background to use them, ptexgonwanted damages to

the user and alloimg undo feature in the website

1.3t NeofiSVWS¥Sy i

There are always pros and cons in every design techniques and tools used in web
development, some people like the concept and while some do not. In most cases, neither
AARS Aad TFdzyRIFIYSyidlFffe NAIKG 2N gNRyshEingd2 AdQ
of a particular study. This study is goingatoalysethe issues and barriers found in infinite

scroling techniques used on websiteStudy ofLoranger (2014from Nielsen Norman Group

explains that infinite scrolling webpages are good for time killing activitiesth&lmind-set

of serendipitous discoverput are not good option for websites that support goal driven



finding task Karlsson and Larsson (20J@rformed an experiment with adaptioof infinite

scroll to explain why infinite scrolling is not valuable for every website. They concluded, if

there is a proper enhancement in infinite scrolling technique, it can be valuable for goal driven

sites. After study of scientific papers, onligegzNy/ I € Qa FFyR of 23a&a NBf I GSF
is found that there are still some areas that need improvements to make every scrolling based
websites more accessible and user friendly. This research study mainly focuses on why
GAYTAYAGF2aO0NR N (B@seralahidstailed issues and also tries to

explore other usability and accessibgbeoblems with infinite issues. Those issues or barriers

will be used to develop research questions and hypothesis for further study.
The problems within an infinite scrolling technique are:
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Tworesearch questions were proposed in this study related to issues found in infinite scrolling
technique. All the relevant issues within these questions will be discussed later in the

discussion section.
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The main aim of this research is to investigate anal@ate thescrdling techniques used in
websites in the context of universal design. With the popularityhef website in information
exploration, there are some questions that still nead answer to why infinite sailing
technique is noffor every website(Loranger, 2014)With consideration of.oranger (2014)
study from Nielsen Norman Group and barriers founth@previous study ahfinite scrolling,

an empirical experiment waserformed withthe following step by step procedure.
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The picture shown in below is the stéy-step work done to complete this research study.

Investigating issues related to
research Study

Research Questions (two questions)

Experimental research method
(six hypotheses)

Independent variable Dependent variables
Prototype websites Total task completion time, total number

of errors done and user opinion

Prototype website design(with
experiment conditions

WCAG 2.0

oten « prototype 1: website with
g nes

normal scrolling

« Prototype 2 :website with
Infinite scrolling

« prototype 3 :website with
"load more" button and
infinite scrolling

« Prototype 4 :Website with
"Pagination” and infinite
Scrolling

[ Pilot Testing }

UD Principle

Experimental tasks
Task group A,B,C D

Usability &
accessbility

Real Experiment

Individual
Paricipants

Within-Subject Design
Training session before real
experiment

One way repeated
measure ANOVA
Test

Data Analysis &
Result

Conclusion & future
Work

Figurel.6-1 Study Overview
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This chapter includes the related works done in past yaassipport the current research

study, to help in identification of possibggpand analyse them to provide a most relevant
solution regarding research area.

In this research, the main theme is to evaluate infinite scrolling used in a website in the
context of universal design. Different quality research paperwartcles and web contd

related to scrolling, infinite scrolling, successor of scrolling, how scrolling can beneficial in
websites, what were the previous downfall in infinite scrolling, and relationship of infinite
scrolling technique with universal design were discusgdideference contents were taken

from googlescholar, booksOsloMetdatabase and online websites.
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Scrolling are among the most frequently used commands in interactive application such as
word processor, spreadskés and web applicatio(Neervoort, 2010)This is because the full
content of interactive application is typically larger than can be presented in display screen,

to get the overview of whole content, user likely to scroll to see all the part of content.

Until the mid-nineties scrolling was considered as an old fashion web design. If page content

or length required scrolling, it was perceived that the page's table ofers needs to be
accessible. It was a good idea to use frames to keep the table of contents visible in the left
panel (YADRICH et al., 2082) ! WI 12060 bASf aSy Qa-timéd tsdzRéf a T 2 dzy R
webpage did not like to use scroll, among the studied sample only 23% users used scroll while

visiting a website (in Prioriiizg Web Usability 8Jakob Nielsen, 2010)

Popular belief was that while designing webpage witholling, it should be ensured that the
speed of scrolling to be good enough not to bother user's patience and horizontal scrolling

should be comgtely avoidedBernard, 2003; freéece et al., 2015)

Scrolling was generally used while users use the website for comprehensive reading. This was
due to the delay during the retrieval of linked pages because of slow system redjioese

might interrupt the user's thought proce$Byrne et al., 1999; Spyridakis, 2000)



But recently scrolling in websites has made resurgence as one of the most popular techniques.
Thecredit owes to mobile devices and higpeedinternet for this, astihas emerged as the
necessity.And it is also contended that people don't like to scroll, study conducted by
Chatbeat analysed data from 2 billion visits and found that 66% of attentiora normal

media page is spent below the fold.ijpeople do scrol(Haile, 2@4). The usability expert

Jakob Nielsen has changed its outlook on scrolling as one of its studies done using eye tracking
technology has showed that people do scroll down, especially if the page is designed to

encouage scrollingFessenden, 2018)

Hinckley et al. (2002onductd anexperiment with 27 people (12 male) from-3P years of

age to aluate scrolling interaction techniques essential for interaction designeasatyse
scrolling performance, thereby providing a tool to evaluate and improve upon new
techniquesThey @ SR CA G0 & Q LI siidyRsardlivg, IBM SciollPdirg Bribusei 2
GAOGK Yy A&2YSUNRO 228ai0A0]1 O60KS a{ONRBift2AY
scrolling wheel tool are used to vary the scrolling distance as well as the required tolerance of
scrolling. They conadiied that the performance of the eel can be significantly improved
using an acceleration algorithm and reswdt®w that their approach yieldea practical and
rigorous method for the evaluation of scrolling techniques. Moreothaate are other criteria

that affects performance and user aggtance, including device acquisition times, the visual
diversion required to use a graphical scroll bar, or the integration of scrolling into complex
tasks, for example, navigation and goal selection with the madResearcherprovide a solid
foundationfor future studies that will further examine cognitive factors, visual attention, and

other aspects of scrolling.

Frederick et al. (2015)erformed a study orParallax scrolling techniquimat creates the
illusion of depth on a webpage by making the background images move slower than the
foreground images. In addition to parallax scrollaiglity to engage users with a website, it
has been claimed that it improves the user experience while using in websites. They
hypothesised that parallax scrolling would positively influence each of five var{aiskgsility,
satisfaction, enjoyment, furand visual appeal) and subsequently the overall user experience.
They performedest between a group experiment with 86 participants, 43 of them performed

a test with a parallax website and other with a rparallax website. The results of the study

also siowed parallax scrolling to be more effective when used in a hedonic and fun context,



with respect to perceived usability, enjoyment, satisfaction, and visual appeal, there were no
differences between the Parallax website and the spamallax website. It as found that two

of participants suffered motion sickness and experienced significant usability issues while
interacting with the parallax scrolling website, nevertheless, it has some significant benefits
using in websites. Their study suggests UX gedknaab designers should consider this issue

when planning to implement parallax scrolling.

Lasch and Kujala (20ligyestigated research on the comparative impact on driver distraction
when searching music allms and user interface features of a toubhsed mobile music
player. They designed a driving simulator experiment where 9 males and 9 female volunteers
between the age of 21 to 38 years were recruited and the experiment was conducted at the
Agora User Pshiology Laboratory in Jyvaskyl Finland. As the study focusemh the
comparison of three scrolling methods, buttons, swipe and kinetic, participants were asked to
search for music tracks in a gstyle menu using three different scrolling methods. Swipe
refers to a technique that enables pagg-page scrolling bysing a swiping gesture. Kinetic
scrolling utilizes the same swiping gesture, but it accelerates the menu, which then stops
automatically after deceleration. Tapping on the menu can alsp $te movement, whereas

the number of music tracks presented inist-ktyle format varied between three, five and
seven items per page. Nine of participants were told to use the music player in a portrait mode
and remaining were told to use in a landscapede. The study assumetiat the swipe
technique should support feer distraction effects than kinetic or button due to the
systematic page by page scrolling and low levels of pointing accuracy needed for browsing.
They excepted three items should enable more efficient visual sampling efficiency per page,
though visual émands are increased compared to five or seven since more scrolling is
required. Screen orientation should havad no distraction effect. Result of the study
suggestedhat a liststyle menu structure with a lowenumber of items per page madesual
search safer than a gridtyle menuwith 12 items, and this appliedven for a list with the
kinetic scrolling. Howeverhe swipe scrolling technique couddjain be recommended over
kinetic or small buttons for htar menu browsing tasks due to lower levelwisual accuracy

required for changing the pages.

Wherry (2003performed a research study to compare a touchpad scroll ring to a mouse scroll

wheell YR (2dzOKLI R aONRtt 12yS dzaAy3d l-hagdediiaQ |



subjects with prior scrolling experience (7 male) were volunteered to evaluate the time, error,
and subjective resuliVith the lowest error rates and performance timasd subjective data,

it appeared that the scroll ring offerétie most performance advantages over the scroll wheel
and scroll zone.Future studieswere recommended tonvestigate how the touchpad scroll
zone performs when not integrated within the touchpatid how these scrolling devices
perform in compound tasks when users are typing or navigating while also scrolling in an
application.The study was expected teelp develop future scrolling input devices that are

quick, accurate, and easy to use.
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Pagination is the process of splitting content into discrete pages. Most of the websites use
pagination to present a set number of results on web search tool results pages or
demonstrating a set number of posts while seeing a discussiomgsfPagination can be used

as a part of some structure on each web application to isolate returned information and show
it on different pagegFurche et al., 2012Pagination additionally incorporates the rationale

of planning and showing the connections to the differpages. Programmaticallyagination

can be coded either as clieside orserver-side(Oluwadoyin, 2017)Server side pagination is
preferred when there is large dataset nestito be shown in websites andheed faster initial

page load whereas cliesside pagination is applied when there is small dataset and need

faster subsequent page loads.

The study from(Andrew, 2018; Esser, 2018; J Nielsen, 2013; Randall, 2018; Schenker, 2011;

Tidwell, 2010)have listedollowing benefits of pagination:
T /2yadi@So SN 02 YLIzi SNI NBaz2dz2NDSa o
T t NP OARGBAY H MBMNI 6 KSGUKSN) G2 t2FR ySEG O2yiGSy
T 1fglrea O02YSa ALK NBFSNBYOS LRAYyG (G2 32 o
T LG FT20dz8S & oAy AdZz®S NI @ KB ML NKOY A d&Ee LI 3S
f C22GSN) 2F (GKS LJ3S OFry oS I OKAS@OSR
From the study made b{Andrew, 2018; Esser, 2018; J Nielseri2®andall, 2018;
Schenker, 2011; Tidwell, 201@llowingdrawbacks of pagination are listed:
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Scrollingalong with pagination, is a technique teewi more content which cannot fit in the

first page. Pagination enables users to view a part of the result on the current page, and then

user has to click on a next button to see a new page with another part of the résudt

scrolling is anethod of travesing a wekpage wherein users either roll the scroll wheel on
GKSANI Y2dzaS>Z 2NJ YlydzZtte Y2@0S GKS &ONRff ot
screen(USDHHS, 200Q3)

Kim et al. (2016ronducted a user experiment to investigate the effects of horizontal and
vertical control types (pagination versus scrolling) performing web searches on mobile
devices. They recruited 24 participants (14 male) agegdPears in their experiment.
Despite participants having greater familiarity with vertical scrolling during a search, their
findings suggesd that participants using pagination were more likely to find relevant
documents, especially those over the scrolling; spent more time attending to relevant results;
and were faster to click while spending less time on the search result pagealloThey also
found that the main reason fdhe difference in search speed wthe time taken for the scroll
itself./ 2y AARSNAY3I GKS fAYAGIGA2Yya NB3IIFNRAY3I dza SN
of their study, the researcher could hoonclusively say that the horizontal control type is
better than verticalscrolling. Rather they woulduggest, at least, that it is worthwhile for
search engines to provide both scrolling types to enhance the user search experience on

touch-enabled mobile dvices.

(Thung et al., 2010performed a case study to analyse and comparaumber of design

patterns focusing on architectural and navigational design patéor general features in web
applications.The case studydiscussed thet OK 2 2 f Qa ¢ S0 &disév&al desigR LINE L.
patterns to enhance the usalhil of the website. They added pagination patternsaesed for
performance purpose to organize the searesults in a simpler ahmore organized way. It
enabledusers to navigate results using controls such as page number or next, Eefist)

and last. Pagination vgasuitable when users need to view a long list of items that cannot fit



on one page. In ten of finding efficiency, pagination pattern could be more efficient as it only

displays a few results in a page rather than showing all results in one page. It supports very

well for unstructured information such as Google search results but it failsttd g8 NIi  dza S NA

preferenes for structured information. Researcher suggessae insights to software
developers on the importance of design patterns that could affect the whole performance of
web applications. The traditional way of desigonfr scratch of wb applications ws not

suitable in the current demands in tirte-market.
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Infinite(Continuouskcrolling is advantageous for content that streams constantly and has a
relatively flat structure, where each unit of content belongs at the same level of hierarchy and
has similar chances of being interesting to ufessanger, 2014 However endless scrolling is

not recommended for goabriented finding tasks, such as thoseguiring people to locate
specific content or compare options. People who need specific types of information expect
content to be grouped and layered according to relevance, by pages. They do not mind clicking
links if each click is meaningful and lealder closer to the desired go@loranger, 2014)in
addition, the way texts presented can interact with learner abilities to affect their learning

outcomes(Sanchez & Wiley, 20Q9)

Infinite scrollingtechnique has been widely used in thesbsites with content of equal
importance, such as in a social meli@eds, 2014)But the site where users need to get the
desired information quickly, such as im @&-commerce site, this techniqgue won't be
appropriate which might overwhelm the users with its vast contelhien loading endless
amount of conent, at some point some content needs be unloaded, otherwise the browser

will eventually run out of RAM and @la(Karlsson & Larsson, 2016)

Infinite scrolling is a type of web interaction design where data is fetched asynchronously from
a data store and inserted into the webpage as the user consumes the inform@teas,

2014) This method results in the illusion that the information on the page is unending.

Since this technique asynchronously fetchasadwhile the user is consuming the content, it
depends solely on JavaScr{ptfinitescioll, 2018) A point relative to the bottom of the page

is usually set by the website, as soon as the user reaches this point new data gets loaded



automatically and inserted into the Document Object Model (DOM). This method is employed
by social networksuch as Facebook, Twitter, Pinterest and several others. As such this
technique is much more suited to websites that produce large sets of data, especially websites

that contain user generated content.

Since the technique is suited to websites with lasges of dataunfortunatelyit is not suitable
for every website design#nfinite scrolling as its advantages as well as its shortconfhugse

of the advantages associated with infinite scroll{dsin, 2015; Andrew, 2018; Babich, 2016;
Oluwadoyin, 2017; Schenker, 2011)
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And the associated problems have been presentddwéAkin, 2015; Andrew, 2018; Karlsson
& Larsson, 2016; Leeds, 2014, Loranger, 2014; Schenker,:2011)
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Navigating through multiple collections of data can be very difficult. It needs the user to scroll
or move through the data on a particular page. When there are thousands of such data it can
get boring or the information one requires can becom#idlilt to find. Dividing huge data
sets and can solve this problem, and two scrolling methods pagination and infinite scrolling
are the appropriate options to us®luwadoyin (2017onducted research to explore the
scrolling techniques; infinite scrolling and pagination and contrast their strergith
weakness and conclude with proper finding. The researcher performed a test with four
participants, 2 were Male and 2 were female. Four webgite®gle, jumbo, eBay and open
source social media) were used to explore the effectiveness of the infinitdlisg and
LI 3AYFGAZ2Y 2y GUKS olaxa 2F WFH{1206 bAStasSyc
memorability, errors, and satisfactiddakob Nielsen, 2003Jhe researcher concluded their
result with the followng points:
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Furthermore, in the same study the author suggesttbosing to implement a hybrid
approach to infinite scrolling, prompting the user to load more content when they exhch
the end of a page. It gives the flexibility to get back the control to the user to decide how much

content to load. He added, this hybrid solution also helps with maintaining a consistent data



load on the server. After automatically loading a predefinachber of pages, a button would

appear prompting the user to load more manually.

Karlsson and Larsson (201&)nducteda quantitative studyon how the user behaviour
differed between a website with pagination and infiniseroll. The study indicated that
infinite-scroll couldbe useful on an intranet when adapted according to usability guidelines.
The researchers evaluated user behaviour onirdranet of a health care company regarding
which pagination technique to choose, pagination or inérstroll. Three versions of
prototype website wee evaluated simultaneously; an infinite scrolling website with a load
more button, a version with pagation and, a specially designed version with infisteoll
adapted to the specific intranet. They designedeaaluation task that madehe site partly
goakdriven, by finding specific information, and another part not so gwalen when scrolling
through the feed. Finally, the following conclusions and recommendsti@re drawn from

their study.
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Holst (2016)conducteda usability studyat Baymard Institute which tested three design

patterns for the usability factor to load products incemmerce website; namely infimit

scrolling, pagination, and load more options both on the desktop and mobile. The result
concluded that load more buttons combined with lazy loading to be superior than others that
provided seamless user experience. Infinite scrolling was not favoraldenns of usability

for search results and on mobile in particulbafinite scrolling is, therefore, ideal for quickly
AaK2gAy3d GKS ONBFITROK 2F Iy SyYyiGANB OFGS3I2NEBET
scrolling, they tend to scan more and focusd®n individual products o¢ list. Thar study

concluded no single method to be perfect for all instances, different variations of the load

more approach have been suggested in different contexts
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While designing the accessélveb content, scrolling techniqusould be a major area to be
considered while rendering the information on the scré@abich, 2016)The pace, delivery,

and interactivity of he contentcould be adjusted with e of the creative scrollingatterns.
While thespan on tle web has dropped about some seconds, a delightful scrolling experience

might increaseuser interest{Sanchez & Wiley, 20Q9)

Infinite scrolling websites have natgt an accessibilitigsue; a lot of usability proponefind
failures in infinite scroll in user testing, depending on the application. In terms of 7 principles
of Universal Desig(7principles, 2007)infinite scrolling was analysed in the previous study
with the following drawbackgDennis, 2016; Langmo, 2017; Leeds, 2014; Loranger, 2014,
Parker et al., 2012; Peri, 2018; roselli, 2014)
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HCI research based on computer science and on design focused more on the implications for
interfaces and have less interest in theory and much more of an interest in dotigal
outcomes of the research on interfaces to loolddeel of the interfacé€Carroll, 2003)

When the topic of research study is new, it is important to start with a structured research
method that can be utiked in exploratory ways, such as surveys, interviesed groups,
ethnography(Laar et al., 2017Experimental research methodology (quantitative research
method) offers manipulation of an independent variable, control of nelevant variables
through the random assignment and high internal validity as compare teexperimental
research methods. A neexperimental method like singiealue research focuses on a single
variable rather than the relationship between variables. similarly, correlation and-quasi
experimental research focuses on the statistical relationship but doesffetthe

manipulation and random assignment of variables. Qualitative research method focuses on
broader research questions, a large number of data collection from a small group of
participants and analysis perfornon-statistically(Milgram, 1974)With the dove research
method analysis and study thoroughly focused on the manipulation of the independent

variables, an experimental research design has been chosen.

31 9ELISNAYSY(Glt NBA&SHNDK
Generally,choosing an appropriate research methodology tioe research atdy is a very
challenging job in terms diie purpose of study, time value, funding, participating target users

and the research experieng¢kazar et al., 2017)

The experimental research method is originated from behavioral research method and has a
broad area in psychologyazar et al., 2017Yhe experimental research method has been a
highly aceptabé research method ibehavioral science, and certainly, it becomes one of the
mog popular methods used in humatomputer interaction (HClLazar et al. (201 @dded

that experimental research method has a unique ability that allttvesesearcher to identify

the true cause othe phenomenon, and also helps to manipuldtee way of research and

achieve the expected result.

According to theCreswell (2002)to make experimental resedranore appropriate, random



tasks, control over unnecessary variables, manipulation of the experiment conditions, proper
measurement of outcome and group comparisons should be formulated in a correct form. In
real experiment design, research can fully cohthe experiment conditions so that direct
comparison can be made from multiple conditions while other factors kept the same. having
full control of factors,the researcher can randomly allocate participants in different

experiment conditiongLazar et al., 2017)

Successful experimental research depends on-deflhed hypotheses thatepresentthe
dependent variables to be observed atigk independent variable to be contled. There is
always a pair of null and alternative hypothesis created thechumber of hypotheses totally
depends on total number of dependent variables, morgalales more hypothesis to validate.
TheGoal of the experiment is always to test which hypothesis can be rejected and accepted
(Lazar et al., 2017)

With all due respect to experimental research used in this thesis, following steps were
undertaken to complete the study more efficien{€reswell & Creswell, 2017; Lazar et al.,
2017; Shneiderman et al., 2016)
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Hypothesis isa purpose to find the answer tthe research questionA hypothesis can be
formulated in several ways but it always comes wiith basic functionality of antipating the
final findings of the experimer{Gershman et al., 2009Rosnow and Rosenthal (20G8)ded
hypothesis is smaller, more focused statements thatlatested by &ingle experimentThe
hypothesis generally setup after inductive reasoning, in which the researcher performs a
series of observations in order to form a theory.
Nevertheless, sometime hypothesis may have negative value and some timayitbe
positive.According to theHaber (2010)hypothesis ensures the whole research process
remains scientific and reliable. However, hypotheses are essential during the research
process, it can produce contradiction with regards grobability, numbers of error and
significance. A hypothesis just an assumption/predictiobased on observation of the topic
choser{Connelly, 2015)According toLazar et al. (2017a good hypothesis should have a
reasonable scope that can be tested within an experiment; clearly explained independent
variables can be controlled andearly defined dependent variable can be accurately
measured.
In this research, sisesearch hypotheses were designedsed on the total numbers of tasks
to be tested and factors to measure.
Hypothesis 1
H1: Participant willi I { S t Saa GAYS G-RillingOa&twitids YithS (1 K S
& SNB Y RA LA (i 2addontReinabSie @igh Nidin@escrolling techniquewhile
comparing to NormaScrolling or infinite scrolling with load more or infinite scrolling
with pagination techigue.
HO: There will be nasignificant difference in terms of totéhsk completion time for
WHGAMSE t Ay | OOUAQDAGASE tasksipthe weBtdwitirall fallr (i 2 dza |
scrolling techniques.
Hypothesis 2
H1: Participant will incurdss errorg KA £ S LJS NJF 2 NdMigyadivitigskivBh Wi A Y S
a SNB Yy RA LA (i 2adiiontReinabsSiee @ith Nidin@e scrolling techniquewhile
comparing to NormaScrollingor infinite scrolling with load more or infinite scrolling

with pagination technique.



HO: There will be naignificant difference in totatumber oferrors while performing
WHGAMS €t Ay | OUAQDAGASE tasksipithe weBdwitirall fallr (i 2 dza |
scrolling techniques.
Hypothesis 3
Hi:t F NI A OA LI y i vYORAME ISORNVAA GiAKSa WAGK ASNBYR
task onthe website with infiniteScrolling techniquevill havemore user satisfaction
as compared to norm&crolling or infinite scrolling with load more or infinite scrolling
with pagination technique.
HO: There will be o significant difference in terms ofiser satisfaction while
performingWid AIMS t Ay3 | O0AQDAGASa& tasksiokhe wehdit® y RA LIA
with all four scrolling techniques.
Hypothesis 4
H1: Participant will take lesime to coy LI S G S -driked findi@2 | G I they 2y
website with infinite scrolling techniquewhile comparing to NormaBcrollingor
infinite scrolling with load more or infinite scrolling with pagination technique.
HO: There will be ncsignificant difference iterms of totaltask completion time for
W3 RN @Sy tadkd oftReivgb3it® with all four scrolling techniques.
Hypothesis 5
H1: Participant will incur less error while performitg3 RINBR @S y takonftiR A y 3 Q
website with infinite scrolling techniquewhile comparing to NormaSBcrollingor
infinite scrolling with load more or infinite scrolling with pagination technique.
HO: There will be naignificant difference in totatumber oferrors while performing
W3 RN @Sy taFisioyitReivgb3it® with all four scrolling techniques
Hypothesis 6
H1: Participant completing tha&? 3 RINIA @Sy tagklontHe wgh3t@with infinite
Scrolling techniquevill have more user satisfacticas compared to norméebcrolling
or infinite scroling with load more or infinite scrolling with pagination technique.
HO: There will be naignificant difference in user satisfaction while performti@ 2 | £

RNX @Sy tadks oftRevgb3it® with all four scrolling techniques.

Each hypothesis has one IlfHi0) and one alternative(H1) hypothesihe nll hypothesis

states that there is no difference between experimental conditions whereas the alternative



hypothesis always says there is mutually exclusive with the null hypotli@ssnow &
Rosenthal, 2008y he gohof experiment was to findtatistical evidence to invalidate the null

hypothesis in order to suppbalternative hypothesis.
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Independent variable refers to that factor thtte researcher is interested in studying or the

possible cause of the changetmle RS LISY RSy & @I NA ISAISYRSYKS @& 8 HIB
meant that those variables which has rassociation with par®@ A LJ- y & Q&. In6tieK I @A 2 d
computerhuman interaction field, independent variables are mostly related to the
technologies, users, and the context in which technologies are (lsedar et al., 2017)
Generally the independent variable is controlleoy the experimenter in ordeto see the

changes ithe dependent variables, therefore each independent variable should have at least

two levels of treatment variables or conditio{Greswell, 2002)

Six hypotheses designe this research constis of one independent variable, prototype

website and the indpendent variables have twdactors; time-killing with serendipitous
discoveryactivities and goatlrivenfinding activitieswhich are going to be testeid the real

experiment. Four versi@of websites were designed based on scrolling technique; website

with normal scrolling, website with Infinite scrollinlgS 6 a A G S ¢ A (bittor¥jfidité R Y 2 NJ
scroliy3 ' yR ¢S0aAiAidsS gAdK WlathDarytipantiprigrdedgiyeh A y A (0 S
tasks group on each webse, and the dependent variables were measured in terms of
websites they visit rather in type dhe task or their complexity. All the participata
performance andpinions collected inthe real experiment (evaluation of all four websites)

were used to determine wkh scrolling techniques are betters use inthe websiteto make

it more usable and usdriendly.

3325SLISYRSYU0 QI NAIFof S
¢ KS ¢ 2 N#S yWRS IBSYF A v Ssappoit framStheFsthatvedrs evafablgishould
dependonalJl NI A Odzf  NJ 262S00Qa 0SKIJA 2 Naza& lalOK | y 3 S



(2017) said that in a humamwomputer interaction basedesearch studythe dependent
variable is used to measure efficiency, accuracy, subjective satisfaction, ease of learning and
physical or cognitive demand. Withe selection of the experimental search methods, there

were threedependent variablesvere measured for the analysis of scrolling techniques

T ¢201 O2¥ILAE L I WKW INAYVIS@fa S Ro 12 YSIF adz2NB (1 KS
2HEKIS a1 K2¢g TFl ad LI NIAOALHENEUHIKISE OKA Y A
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YSI adz2NB  HIOQIzEKIp@e Y2 & S NMERIND 8 RERKAGALI v (
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Thedependentvariableswere measuredvith four different prototype website# this study.

While measung dependent variables, there waa scenario like; differenttotal task

completion time and total error but they may be related to each otfiexzar et al., 2017}or

e.g. participant can finish a task in less time with many errors whereas participant might finish

the task in more time but with feweerrors. So, these conditions will take care during the data

analysis.
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As per the study ofLazar et al., 2017}he experimental desig has been widely used in
humancomputer interaction (HCI) to develop, evaluate and modify different design solutions,
task models, and answer the serious issues found in technologyodubich technology are

still not accessible and user friendly. For instance, this study focuses on usability and

ASNJ &l GXKABI GHAEAFD (B2 YSI 2dzZNB LI NI A OA L

= RO



accessibility barriers found in infinite scrolling and try to evaluate different scrolling

techniques which would ban appropriate techniqueo use in websites.

Welldesigned experiment can reveal important findings relatethtostudy area(Cooper et
al., 2006; Rosenthal & Rosnow, 198@¢cified the research design method into three groups:
True experiment, quasexperiment,and nonexperiment. Among them, a true experiment

design has been chosen in thesudywith the following characteristics:

T axXiBadlrotS NBaSIHNOK KelLR(GKSada KIS o6SSy
 C2 dzN$ NFEVLIYNRIGt2 (0 & LISO 04 SR (15ya & ONR tKFAGST 60SSY

RSOSt 2 8FE LF2NWY Sy (i @

1 58LISYRSY( OVSRZGNBAKGEMBY (AGHGADS FyLFfeaa

T wSadz &y 9SNNS RU KIGINRIdRFKI A O f amw B ¥ A NBQISY & S &

aSladaNB !'bhzx! {(Saidovo

T ¢KSNB/26108A & Ay 0S06SSYy LI NOLAOALIYGA GKACT

9 E LIS NAIYSINERNINI RA EIMNSNHEY B VRIS OK 2F GKS
LI NOAOALI Yy dzAAY3I NIYYR2YATIGAZY ®
A flow chart of true experimeniLazar et al., 20173 presented below, to understand how it

works in current stdy.

Design of study

multiple expeariment
conditions/treaments

True Experiment

Figure3.4-1 True Experiment design
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One d the major challenges in humaromputer interaction study is to collect appropriate
participants regarding the research study. For example, in this thesis, the goal is to suggest an
appropriate scrolling techniquéo use in a websiten the context of universal design and
including a large number of participants related to impairment is quite diffictdsk to
accomplishedWith the planning othe study, each of the particgnts is going to perform
different taskson each of four designed prototype websites, therefore, a wisibject
design approach is selected. There are several advantages of choosing this design with
reference tothe area of study and experiment conditiofisazar et al., 2017; Shuttleworth,
2009)
T LG 2yfte NBIldZANBAE TKEASRDEH AL XDNBI FHBRAORS Y
KSI geo
T LG Ftt2ga G2 ADS2HERFIN RAKEA RUFFS Al NI A OA LI y i
f26SN) 0KS LIRaaArAoAftAle 2F AYRAQARdZ & RATFT
T LG IAGSEa a YlIyée AYT2ND2YIRRYA2Z¥MAE ORENBS I QK
0KS FIOG KIG ad@e83@yaoORQPGNRE LINRIDARS &I ¥ i
FNRBY AYRAGARdZ f ao

Participant Participant

website with . . website with website with
Website with . . L
[ MNormal } Enfinite sr:rnlling] [ load more J [ pagination }

scrolling nfinite scrollin nfinite scrolling

Figure3.4-2 Within-subject design



With Noticeable advantages wiithin-subject design, there argome limitatiors within this
design. According to th@€Campbel& Stanley, 2015; Lazar et al., 201t biggest problem

is the possible impact in learning effects. They added, since participants complete the same
type of tasks under multiple experiment conditions, they are very likely to learn from
experience angberform better in completing tasks. To minimize this limitation,
randomizatiofCampbell & Stanley, 201B)used inhis study, due to which experiment
conditions are randomly assigned to participants. Another possible problem fatigue, where
participants have to complete each task in multiplessdtexperimental conditions. The

time to complete may be quite long anide participant may get tired or bored during the
experiment. To overcome this issue, total average time is informed béferstart ofthe
experiment and participants are allowed to takéreak (level of fatigue) after completion of
each experiment condibn during the experiment process.

The purpose of using randomizatig@ampbell & Stanley, 201%) experimental desiy is
equating experimental conditions and control gr@within-subject group)and produce a
design with great precisionTotal of 16 participants was randomized into four different
prototype websites and four task groups. There was total of four experirsesgion, where
each participant had completed one task group in one prototype website with scrolling
technique. For example, the participant had completed task group A in prototype website with
normal scrolling, task group B with Infinite scrolling angktgroup C with infinite load more
scrolling and task group D with infinite pagination scrolling. (please have a logpemdix

B-Randomizatiorfor more details).

3.42 CI Oi ZSNWMEHY RS LI

The experimentvas designed in a way thatdapendent variabléprototype website) were

evaluated by using two different task groupd- &8 SR 2y  dzatEhdkKlldng dctiQiied A G A S 2
with serendipitous discovery tasks and gdalenfinding activitiedasks. Asesearch study

aimed to investigaté.oranger (20143tatementWA Yy T A y A (0 ¥t fer €v&Pwielsik@t 3 A &

was really importanto see the behavior of those two activities taskseach of

experimental prototypeificluding infinite scrolling technique websjtéA widely used

factorial design was overviewed ing experimento get a more accurate result. According



to (Lazar et al., 2017)he factorial design allows the researcher to investigate the impact of
all independent variablas well as the interaction effect between multiple variables.

Total eight experimentreatments(conditions) wadesigned based on the type of task and
the number of prototypewebsites In that way, each participamad performed each task
group (contains serendipitoudiscoveryand goal driven tasks) on each prototype. For
example, Participant 1 had completed an expenitiey performing task group @
combnation of serendipitous and goal driven tasks) in Normal scrolling website, infinite

scrolling website, infinite load more website and infinite pagination scrolling website.

¢l oofd@F I OG2NAIf RSAAIY 2F AYRSLISYRSY(d OFNAKI of

Task Type Prototype Prototype Prototype Prototype website
website 1 website 2 website 3 4

Serendipitous Normal scrolling Infinite scrolling Infinite load more Infinite pagination

discovery website website scrolling website scrolling website

tasks

Goaldriven Normal scrolling Infinite scrolling Infinite load more Infinite pagination

finding tasks  website website scrolling website scrolling website
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According toPreece et al. (2015)he prototype is a design that allows usdp interactand
explore its characters and suitability. They added prototype caa paperbased outline of

the display readymade components, an electronic pictures, mockups and complex piece of
software or hardware. The best prototype always posethasimplest and efficient way,
makes the possibilities and limitations of design idea visible and measi(Lafiet al., 2008)

With the help of proper research questions, hypothesis, and research method selection; the
time has come to develop a prototype to identify the causetted issue and potential

evaluation of raised issues.

In this thesis, at the beginning a pageased architect wa designed and later that paper

design was converted into the websitssing different web technologies; PHP programming,
JavaScript, HTML, CSS, and WordPress Content management system, and Nefa&tsda

In total, four prototype websites were developed, all thehgites consist of the same content,
design,and layout but different on scrolling techniques. Structure of the prototype website is

divided into two different pages. First page of webgitd W1 2 YSQ GKIF G O2ydl Ay
2NJ ySga FTSSRa I yR &S 02 y-dmnieicad®nteltsilike pawluct$, K | § C

electronic gadgets and online goods.
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This study is thoroughly focused dhe investigation of the ifinite scrolling issues and
possible enhancements. As described above, the aim of the study is to identify appropriate
scrolling technique$o use inthe websitein the contextof universal design by analyzitige

barrieror issue®f infinite scrollingn the previous study.

The main purpose of the studg to develop a prototyp website that can be more user
friendly and accessible to everyone including elderly and impaired people. With the
consideration of usability and accessibility, usentered design has been chosen to develop
an experimenal prototype. Seven principles of universal des(§ibA, 2014and web corent
accessibility guidelingg/3C®, 2008)ave been applied while degging the website so that

more usable and accessible prototype website could be expected for the experiment.



Following step®f the usercenter desyn procedure were used to develop a prototypbras

et al., 2004; C. Lewis & Rieman, 1993; Petrie & Bevan,.2009)
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Prototype Website Name

HOME SHOP
Ecommerce Products

- News - Consumer electronics

- Blogs - Shoes product

- Informative contents - Books
- Kitchenware
- Music
- Cloths

Normal Scrolling Infinite Scrolling Infinite scrolling with Infinite Scrolling with

"load More " button Pagination
Prototype Website 1 Prototype Website 2 Prototype Website 3 Prototype Website 4

Figure4.1-1Structure of prototype (paper Sketch)
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This section includes the hardwaredasoftware program used fqurototype development.
MacBookPro13 with InteCore i5 Processor, Speed 2 Giiel RAM 8 GB laptop was used to
developan experimental preotype. Developed prototype was copied P laptop equipped
with Windows OS, having 8GB RAM, I3 processor which la@asised in experimentslhe
reasonfor usingtwo different operating systems fathe experiment wagdo remove the

potential bias irdevice compatibility.
To design the prototype website following software tools were ysed

HTML

CSS

WordPres$.0(content Management ool)
JavaScript

Angular JS

JQuernyPlugin

MYSQL database

= =2 =2 =2 A A
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The central part of the research study is basedcewaluation ofthe scrolling technique used

on websites. Similarly, different four technigs of scrolling were designed éour different

websites. Thédea of designing four scrolling techniques prototype websites based on normal
scrolling and infinite scrolling came after the thorough study from previous research
conducted in this scrolling techniques and further enhancetrteas given to make it more
accessible and usdriendly. Those prototypes later evaluated using different tasks designed

ol aSR 2y dzaTheéldbat impaitaniréason is 16 Bvestigate the issues described in

the Nielsen Norman Groupy ¢ K @ S yaFOINRATGE A y 3 A a  yldrangdr,204)S @S NB

The scrolling temnique used in the prototype websitare explained below.

421b2NXIFE {ONRfttAY3d ¢SOKYAI dzS
Normal scrolling is just an action of moving content like images, text (information)etmk

displayed orthe screen. Normal scrolling designed the first prototype website was only in



vertical order because people hate horizontal scrolling and always comment negativity when
they encounter it(Jakob Nielsen, 2005)ccording to the problem statement and possible
enhancement in scrolling, normal scrolling is designecdh widéfault pagination and was

evaluated inan experiment.

To design Nanal scrolling technique, following JavaScript and PHP(WordPress) was used

during development phase and can be compatible for every browser.

Normal Scrolling

// Using javascript method to add Normgége scroll

/ number 800 denoteshe number of milliseconds it takeés scroll to the specified area
$('html, body').animate({

scrollTop: $(hash).offset(®@p

}, 800, function(){

Pagination
?php if (have_posts(). >
<?php while ( have_posts() he_post(); ?>
<?php endwhile?>
<l-- Add the pagination functions here>
<div class="naprevious alignleft"><?php previous_posts_link( 'previoud>¥/div>
<div class="namext alignright"><?php next_posts_link( 'Next?¥</div>
<?php else ?>

<?php endif?>

A22LYFAYAGEGS OONWNR I dz8 vy 3

Infinite scrolling is a web design technique where contents are automatically loaded in a
single page and allows people to scroll continuously to feel like there is no end in a
pagdAhuvia, 2013)User cannot find footer content when infinite scrolling is used in
websites and did not get their previous position when they go and back from another page.
Infinite scrollingechnique waglesigned on second prototype website using following

JavaScriptade, which allows people to scroll constantly until the page content is finish.



Infinite Scrolling

[/ init Infinite Scrolling
$('.articlefeed").infiniteScroll({
path: '.pagination___next',
append: '.article’,
status: '.scrollesstatus’,
hideNav: ‘pagination’,

D;

423LYFAYAGS PENIRt GadztiidB 242 GBS OKyY A lj dzS

In this technique, ser can feel the same infinite scrollieffect, but it comes witithe W[ 2 | R
Y2NBQ odzitGz2y i GKS SyR® ¢KS NBlFazy tidz2z dzasS 4
their position somehow better than infinite scrolling and they can control page when they

want. This Load more button links with page id so that people can see their page number in

the value in URposition,but it does not resolve the issue of getting/o position when they

go and back from other pages. Load more infinite scrolling designedhweitiollowing

source code in JavaScript.

Load more button

// init Infinite Scrolling
$('.articlefeed').infiniteScroll({
path: '.pagination___next',
append:'.post’,
button: ".viewmore-button’,
// using button, disable loading on scroll
scrollThreshold: false,

status: '.pagdoad-status’,

;

A24LYFTAYAGS QLD NPy BWE Yy A 026
In this technique, ser can feel the same infinite scrollieffect, but it comes withthe
Wt | AAYFOGA2YyQ odzid2y G GKS SyR® ¢KS NBIFazy



get their position better than infinite scrolling and user can use this pagination feature like
as to gaand back to the next pages. $kcrolling technique was said one of the improved
enhancementsor infinite scrolling technique by the previous research@nd was

measura through the true experiment to identify the efficiency of this technique. There
were some tweaks while combing imte scrolling and pagination functionality withe
following code.

Infinite Scrolling with pagination

?php if ( have_posts(). >

<?php while ( have_posts() }he_post(); 7>

<?php endwhile?>

<l-- Add the pagination functions here>

<divclass="naxprevious alignleft"><?phprpvious_posts_Ilink( 'previou} ?></div>
<div class="namext alignright"><@hp next_posts_link( 'NeX}; ?></div>

<?php else ?>

<p><?php _e('Sorry, no posts matched your criteria=¥/p>

<?php endif?>
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First prototypedesignedn this research expenent wasNormal scrollingechnique

website As mentionedabove every prototype has same content, design and layout but
scrolling technique isifferent. Prototype website 1 wa®lormal €rolldesigned witthome
and Shop pagddome page hablogs contents, news feed and tasks relatedgerendipitous
discovery and goalriven finding activitiesnformation which an be explored during
experiment. Similarly, Shop page hasdtimerce contents, likproducts, electronic gadgets
and online good<Categorized sort/ filter, and search button at the top of page, all features
aredisabled in this prototype website eBausetasksare designed neither to use

filtering/sorting nor search functionalityPrototypewebsite 1 ha:ormal scrolling technique
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below:

Home Page Shop Page
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Figure4.3-1: Prototype website 1 'Normal Sciialy website'
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Second prototypealesignedn this research expenent waslnfinite scrolling technique
website. With the experiment purpose, every prototype has sameeamntesign and

layout but scrolling technique igfterent. Prototype website 2 washfinite scrol{flesigned
with home and Shop page. Home page has blogs contents, news feed and tasksteelated
serendipitous discovery and geddiven finding activitienformation which can be explored
during experiment. Similarly, Shop page haBmerce contents, like products, electronic
gadgets and online good&ategorized sort/ filter, andesarch button at the top of page, all
featuresare disabledin this prototype websiteBecause taskare designed neither to use
filtering/sorting nor search functionality.rBtotype website 4sdesigned with Infinite

scrolling techniqueGlimpse2 Ainfiriite scrol{vith their webpagesan be seen below:



Home Page Shop Page
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Third prototype designe in this research experiment waginite scrolling with load more
button. With the experiment purpose, every prototype has same content, design and layout
but scrolling technique is differenPrototype website 3wa®L Y FAY A 1S A ONRf €
designed with home and Shop page. Homeegohgs blogs contents, news feed and tasks
relatedto serendipitous discovery and geditiven finding activitienformation which can

be explored during experiment. Similarly, Shop page hasntinerce contents, like

products, electronic gadgets and onligeods. Categorized sort/ filter, and search button at
the top of page, all featureare disabled in this prototype website. Because tagies

designed neither to use filtering/sorting nor search functionality. Prototype websge 2

{ ON.

[ 2



designed with Infinitescrolling techniqué Y R W[ 2 RY2NBQ o6dzi 4.2y |G GK
GlimpseoW LY FTAY A UGS aAviiNtRefr vebdages dan bé gebidh&low:
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‘Two compounds in coffee may team up to fight
Parkinson’s

Figure4.5-1 : Prototype 3 'Infinite Scrolling Load More webs$ Q
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Fourth prototype designe in this research experiment waginite scrolling with pagination

button. With the experiment purpose, every prototype has same content, design and layout

but scrolling technique isifferent. Prototypewebsite 4wasPL Yy FAY A GS aONRf £ LI
designed with home and Shop page. Home page has blogs contents, news feed and tasks
relatedto serendipitous discovery and gediiven finding activitienformation which can

be explored during experiment. Sintllg Shop page hasd®mmerce contents, like

products, electronic gadgets and online goods. Categorized sort/ filter, and search button at

the top of page, all features are disabled in this prototype website. Because tasks are



designed neither to use filteng/sorting nor search functionality. Prototype website 2 is
RSaA3IYSR gA0K LYFAYAGS aONRfftAYy3d GSOKYyAIldzS |
Dft AYLIAS 2F WLYTAYA(GS aONRtt [2FR Y2NBQ gAlK

Figure4.6-1 : Prototype 4 'Infinite Scrolling paginatignS 6 & A (1 S Q
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It is important to make sure that the system or prototype used in any experiment are
evaluated and every function are working properly.meantioned earlier all the prototype
websites havdeen designed using seven principles of universal dé€blp@\, 2014and web
content acessibility guideline§W3C®, 2008yith the aim to make scrolling technigs are
more acessible and usdriendly. An Automated testing toohs well as sommanual testing,

were used to evaluate the prototype websites.























































































































































































































































































