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Abstract—This paper explores the effect of web caching on 
load times in terms of browser choice and website type. By 
comparing the load time of web pages using different 
browsers and website types it was possible to determine the 
relationship between the variables. Load time differs be-
tween browsers based on how the browsers parse different 
kinds of data. It terms of website type, the traffic volume as 
well as frequency of updates by administrators and website 
users is responsible for the varying load times.  

Index Terms—Browser, load, load-time, cache, non-cache, 
stale, speed, website, web, type, platform, measurement, 
documentation, performance, theory, reliability, experimen-
tation, verification, human factors, standardization. 

I. INTRODUCTION 
Web caching is the process of storing frequently visited 

website pages in memory to reduce bandwidth and load 
on a server. By caching website pages, the load time of 
these websites is significantly decreased. It is no longer 
necessary to retrieve frequently viewed files from the 
website server because they can be loaded directly from 
the cache [1]. Web caching is an important tool that al-
lows high traffic websites or dynamically generated web-
sites to run as though they were static. The required 
bandwidth for these websites can be reduced as well. As a 
result, the load times for each page are reduced signifi-
cantly.  

There are two main types of caches: proxy caches and 
browser caches [2]. Proxy caches retrieve content that is 
saved by the server and can be accessed by users access-
ing the server. This reduces the bandwidth of organiza-
tions working within the same server, accessing frequently 
requested resources. This paper focuses on browser caches 
as well as the Time to Live (TTL) of a website. A browser 
cache is lowest level cache that can be manipulated direct-
ly by the user. All content that is requested from a website 
either comes from the server itself or from an associated 
cache that contains copies of the original data. The risk 
that is taken when information is retrieved from a cache 
rather than from the original source is that the data will be 
‘stale’ [3]. Stale data is data that does not reflect the most 
current state of the webpage. If the data on the server has 
been recently updated, but the cache still stores previous 
data, the users will end up loading a page with outdated 
data. The amount of time that has elapsed since the infor-
mation was obtained from the server is considered the age 
of the webpage or information [2]. The greater the age, the 
more likely it is that the information is stale. In order to 
prevent stale web pages, all data has a distinct TTL [4]. 
Once the TTL has expired, the information will be cleared 
from the cache and will be reloaded from the server. The 
TTL of information differs from website to website based 
on the cache settings determined by the website developer.  

The cache settings are set appropriately based on the 
type of website. For example, a website based on RSS 
Feeds that constantly combs the web for news content 
needs an extremely short TTL so that stale data does not 
stay in the cache but instead is replaced with more recent 
data. Websites such as this, have TTL values of a little as 
several seconds [5]. A personal website, which is updated 
rarely, probably has a longer TTL because regardless of 
the amount of time that the data has been in the cache, it 
will not be stale as long as the web developer has not up-
dated the website.  

This paper explores the load time for cached and non 
cached websites with a series of variables including 
browser and website type. In order to stay within a rea-
sonable scope, this paper targets browsers that receive at 
least 3% of internet traffic based on the July, 2010 Brows-
er Statistics collected by W3Schools and from Alexa’s top 
500 sites. Because website type plays a major role in the 
load time of websites, this paper looks at the load time for 
different types of websites such as a personal website; 
RSS Feed based website, and social networking website. 
By focusing on this range of websites, it is possible to 
determine the effect of website type on load time. 

II. EXPERIMENTATION 

A. Equipment 
The equipment used in this experiment includes a 

stopwatch, a Windows XP platform desktop computer, 
and a Macintosh OSX laptop computer with add-ons in-
stalled to support the measurement of the caching time. 

This experiment tests browser speeds on both a Win-
dows and Macintosh platform; hence we need two differ-
ent computers that make available the most popular 
browsers. As a result it is necessary to understand not only 
the differences in browsers but also in computer hardware. 
The speed of the computer is associated with several 
components of the computer including the CPU (Central 
Processing Unit), RAM, and the state of the hard drive. 
The CPU has four main tasks: fetch, decode, execute and 
write back; essentially retrieving the instructions, execut-
ing the instructions, and relaying feedback to make it clear 
that the instructions have been completed. The clock 
speeds as well as the l1 and l2 caches are responsible for 
the effect of the CPU on the speed of the machine. Be-
cause the computers that were used for this experiment 
varied in all of the components that reflect the speed of the 
computer, it is necessary to compare results within the 
category of platform rather than comparing all of the re-
sults at once. Also it is to be considered that each of the 
different browsers cache and store information in different 
ways. Each type of information such as photos, text, vide-
os and others are handled independently. 
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B. Procedure 
The experimentation presented in this paper utilizes the 

ability of the user to manually clear cache contents. For 
each variable tested, including browser and website type, 
there were fifty trials for both the cached and non-cached 
state. To test the cached state, a stopwatch was used to 
manually time the load time from the moment that the 
refresh button was pushed until the page was done load-
ing. To reduce error associated with human reaction time, 
the average and standard deviations were calculated based 
on the fifty trials conducted. To test the non-cached state, 
the procedure was repeated, but the cache was manually 
cleared in between each trial. The data collected is dis-
played in the results section below.  

C. Variables 
In this experiment two different variables were chosen 

that would affect the load time. The first variable is the 
browser on which the user views the webpage. To narrow 
down the scope of this paper, web pages were chosen that 
are used by at least 3% of the population based on 
w3schools and Alexa’s top 500 global sites. The browser 
statistics showed that the most popular browsers in 2012 
with at least 3% of users included: Browser1, Browser2, 
Browser3, Browser4, and Browser5 [7]. Browser names 
are not revealed to protect the company’s reputation. Be-
cause these browsers are used on different platforms, 
Browser1, Browser2 and Browser3 were tested on a PC 
platform [Windows Vista] and Browser4 and Browser5 
were tested on a Macintosh platform. 

Few major website types were chosen including a per-
sonal website, an RSS Feed based website, and a social 
networking website and video hosting site. The exact 
websites that were chosen were 
http://www.emmatang.com, http://www.nytimes.com, and 
http://www.facebook.com respectively. 

 Various pages of each of the sites were chosen to study 
and analyzing the caching and its performance effects. 
The cached and non-cached states of these websites were 
tested on Browser2 on a windows platform to maintain 
consistency.  

These websites cover a broad spectrum of website 
types. http://www.emmatang.com is a personal website 
with basic HTML programming that does not receive 
much traffic and has a long TTL. http://www.nytimes.com 
is based on an RSS Feed and is constantly automatically 
being updated with breaking news and therefore has a 
relatively short TTL. http://www.facebook.com is a social 
networking site that is updated constantly by the users. 
Users are able to update profile information, statuses, and 
photo albums among other areas of updates at any time. 
Owing to this frequent and unmonitored system of updat-
ing by the user, the TTL is almost nonexistent because the 
amount of time before information is stale is random, 
based on the millions of facebook users. Also 
www.youtube.com is a site that hosts information in the 
form of videos and is accessed regularly by millions of 
users. Other sites that were considered include 
www.google.com and www.espn.com. The list of websites 
that were considered was sorted into certain categories 
based on their content and usage. 

III. RESULTS 
Tables 1 and 2 show the results based on the two varia-

bles: browser and website type. Within the browser varia-
ble, two different computers were used in order to test the 
browsers that are only available on one type of platform 
including Browser1 (Windows) and Browser3 (Win-
dows). In order to evaluate them separately, each was test-
ed on individual systems. The three tables discussed in the 
paper together have classified the data by the following 
categories: Browser for Macintosh platform, Browser 
for Windows platform, Website Type. 

A. Browser Results 
To keep a minimum number of variables, the load time 

was recorded using the same website page. The page that 
that was used for this experiment was the NY Times home 
page, www.nytimes.com. This page has dynamically gen-
erated content from an RSS feed as well as blogs and ad-
vertisements. From Figure 1 and Figure 2, it is clear that 
the cached pages loaded faster than the non-cached pages 
regardless of browser type or platform. The cached page 
stores the data, making it possible for the page to load 
without returning to the server to gather data. Therefore, 
these results are consistent with the original expectations. 
When comparing the Macintosh browsers to each other, 
the average load time for Browser4 was the fastest, fol-
lowed by Browser5. For the Windows browsers, Brows-
er3 was the fastest, followed by Browser1 and then 
Browser2. Table 1 and Table 2 show the average of the 
trials, the standard deviation of the trials, and the ratio of 
cached time to non cached time for Macintosh and Win-
dows platforms respectively. By calculating the average, it 
gives a clearer picture of the load times for the cached 
versus non cached status of the web page. The standard 
deviation shows the range of data and how much the data 
has strayed from the average. The ratio of cached to non 
cached load times makes it possible to compare the differ-
ences in load time between browsers. 

1) Browser Results: Average 
Looking at the results of the average load times for both 

Macintosh and Windows platforms, it is clear to see that 
the cached load times were measurably faster than the 
non-cached load times. Overall, on the Macintosh plat-
form, Browser4 showed the fastest load times while on the 
Windows platform, Browser3 showed the fastest load 
times. These results apply for both cached and non-cached 
load times. Browser4 loads the document along with the 
required scripts and style information ahead of time, so 
that they are available faster, with significantly less wait-
ing time. With regards to the Windows platform, one of 
the explanations for the slower load time for Browser2 
and Browser1 is that both browsers have limits regarding 
the number of connections per hostname when talking to 
HTTP/1.1 servers. Browser2 in general is laden with addi-
tional add-ons and developer tools which significantly 
increase the load time for the browser on either platform. 

2) Browser Results: Standard Deviation 
The standard deviation of the load times shows the con-

sistency of the data. For the Macintosh platform, as the 
load times increased, so did the standard deviation. For the 
Windows platform  results,  the category  with the highest 
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TABLE I.   
CALCULATIONS FOR VARIABLE: BROWSER, PLATFORM MACINTOSH 

 

TABLE II.  CALCULATIONS FOR VARIABLE: BROWSER, PLATFORM 
WINDOWS 

 

 

 

 

standard deviation was the cached Browser1 data which 
nearly doubled the standard deviation of the non-cached 
Browser1 data. There is no consistent conclusion regard-
ing the standard deviation being higher or lower based on 
cached or non-cached data. This data shows that in some 
categories, the cached load times had a higher standard 
deviation than the non-cached load times while in other 
categories the cached load times had a lower standard 
deviation than the non-cached load times.  

3) Browser Results: Ratio 
The ratio table shows the relationship between the 

cached to non-cached data with the following relationship: 
ratio = cached/non-cached 
The ratio data ranges from 0.77 to 0.95. This is based 

on the sample testing performed across Browser1 and 
Browser5, the ratio of cached to non-cached data corre-
lates that the performance variation is justified given the 
latent differences. 

B. Website Type Results 
Load time is significantly affected by the type of web-

site. If a website contains many photos with large file siz-
es or receive a high amount of traffic, the load time will be 
increased. In order to test the effect of website type on 
load time, three different types of websites were chosen 
and tested for the load times of those websites on one 
browser. Only one browser was tested in order to mini-
mize the number of variables and to isolate website type 
as the sole cause of load time differences. 

TABLE III.   
CALCULATIONS FOR VARIABLE: WEBSITE TYPE 

 

 
Figure 10: Variable website type 

Various websites were chosen based on specific catego-
ries and they were tested in order to ensure a clear obser-
vation of the performance. The websites that were consid-
ered included personal website; 
http://www.emmatang.com, a website based on an RSS 
feed; http://www.nytimes.com, and a social networking 
website; http://www.facebook.com, a website dedicated to 
images http://www.photo.net, e-commerce website such as 
http://www.amazon.com among others. Table 3 represents 
the data from these three website that were tested on the 
Browser2 browser on a Windows platform. Table 4 repre-
sents the average, standard deviation, and ratio of the data.  

There is a clear observation of the sites which are the 
fastest to load in cached and non-cached scenarios owing 
to the components they support during load and the con-
tents that are cached. These results can be seen graphically 
in Figure 9.  

The websites have been classified into the following ar-
eas in order to have a collective observation of the various 
frames, contents and application that websites support 
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during load and the kind of information that gets cached 
deciding the load time of the site. They are Basic sites: 
sites that contain blog information, or personal sites, web-
site hosting sites, File hosting sites: sites like 
www.filestube.com and others that support content sharing, 
Social Networking sites: Sites like www.facebook.com, 
www.linkedin.com that comprise of various type of user 
information and is updated frequently,  

Image-intensive sites: Sites like www.photo.net and 
www.flickr.com that host images and majorly dedicated to 
them, E-commerce sites:www.amazon.com and banking 
sites that generate lot of traffic, RSS feeds: sites with 
regular content update through RSS like www.nytimes.com, 
www.espn.com that keep updating, Video-intensive sites: 
sites like www.youtube.com, www.dailymotion.com that have 
huge user base and load video content in cache, e-mail 
sites: google and yahoo mails and other random sites. 

The TTL settings are set individually by the website 
developer in each of these sites. The settings determine 
how much time passes before the data within the cache is 
updated. The parameters for website caching are heavily 
time dependent. The TTL specifications can be fixed and 
independent - for example, every hour. With this capacity, 
it does not matter how many times the user visits the site 
or opens up a new browser. If the user wants to open an 
updated version of the site every five minutes, he would 
need to manually clear the cache. The developer can set 
the TTL specifications to be dependent on the user - for 
example, every time the user opens a new browser.  

This TTL setting varies depending on user tendencies. 
Setting TTL specifications is not trivial, and determines 
careful consideration by the developer depending on the 
use of the website. For instance, because the NY Times 
website is updated frequently, the TTL is shorter than 
http://www.emmatang.com, which is rarely updated. 
http://www.facebook.com is updated by millions of users 
every second. Every time the facebook page is refreshed, 
there is different content on the page. As a result, the TTL 
is extremely minimal. There is content that is cached in 
the system, including user profile information, friends, 
and applications, but updates including the new feed and 
status updates are not cached, to allow for the continual 
flow of new information. If that content were only re-
freshed every day, there is no doubt that the content would 
not be stale.  

Based on the expected traffic, the allotted bandwidth 
for websites differs. According to Nielson's study, 
http://www.facebook.com had the most traffic in a certain 
month, with over sixty million visitors [8]. Nielson's study 
also showed that http://www.nytimes.com received over 
eighteen million visitors [9]. Google Analytics showed 
that http://www.emmatang.com received over fifty visi-
tors in same month [10]. This significant traffic difference 
plays a major role in the load time of websites, with high-
er traffic responsible for slower load times. That said, traf-
fic is not the only factor for load times. The data in Table 
3 shows that despite the higher traffic of 
http://www.facebook.com, it had a higher average load 
time than http://www.nytimes.com. The content being load-
ed also play an important role in determining the load 
time, the sites which supported all types of contents rela-
tively take more time to load which in an inherent behav-
ior. 

1) Website Type Results: Average 

The average load times for the various website types 
show that the website type with the longest load time is 
the RSS Feed based website follows by the social net-
working website and lastly the personal website. Because 
the traffic of the website is not the only cause for different 
load times, as seen previously with the traffic versus load 
time discrepancy, it must be attributed to other factors. 
These factors could include the information on the page 
including the number and size of images, the way that the 
browser parses the JavaScript code or PHP code on the 
page or the dynamic quality of the data.  

2) Website Type Results: Ratio 
The ratio table shows the relationship between the cached to 
non-cached data with the following relationship: 

ratio = cached/non-cached 
The ratio data ranges from 0.78 to 0.98.  

The ratio 0.98 for http://www.facebook.com shows that 
the cached versus non-cached load times were extremely 
similar. Because there are hundreds of millions of users 
who update their profile information every day, the TTL 
for data is close to zero. Within seconds of loading a page 
on the social networking website, the information is stale 
and needs to be reloaded from the server. It is probable 
that the cache settings for http://www.facebook.com are 
set to reload the page from the server rather than from 
information saved in a cache. As a result, the load time for 
the cached versus non-cached data was virtually the same. 
Although the cache was not cleared manually in between 
trials for the cached category, the cache settings for the 
website cleared it automatically.  

In contrast, the ratio results for 
http://www.emmatang.com was 0.78, indicating that there 
was a large difference in load time between cached versus 
non-cached settings. Because the website is so rarely up-
dated, the cache settings are not set to automatically clear 
the cache frequently. A large amount of data is stored in 
the cache and remains there for a much longer period of 
time than either http://www.facebook.com or 
http://www.nytimes.com. Therefore, when the cache is 
cleared and the data must be retrieved from the original 
server, it takes much longer for the process to be complet-
ed. 

The ratio for http://www.nytimes.com was in the mid-
dle of the other two website types at 0.94. This makes 
sense because while the website does need to be updated 
daily to keep current, there are a significantly smaller 
number of users with administrative access as well as a 
smaller number of daily return users.  

C. Error Analysis 
In order to precisely analyze the data from this experi-

ment, it is necessary to take into account the human error 
associated with the procedure. This experiment was based 
on recording the load time of websites from different 
browsers and websites of different types. The experiment 
relied on human reaction time and used a stop watch to 
record the load times. Based on an online reaction time 
test, the average reaction time calculated for determining 
error is .26s [11]. 

In order to account for the error associated with the ini-
tial reaction time as well as the end reaction time, the fol-
lowing formula was used [12]: 

!q = "[(!x)2+...+(!z)2+...+(!w)2] 
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Because there were two instances of human error - at 
the beginning and the end - there are two independent 
variables. Taking into account the following function: 

F(x,y) = x - y 
#F = "[(!f/!x)2#x2 + (!f/!y)2#y2] 

(#F is the error associated with each individual trial) 
#F = "[(1)2(.26)2 + (-1)2(.26)2] 

#F = "[.1352] 
#F = 0.37s 

Based on this error analysis, there is a window of error 
of 0.37seconds for the individual data taken. 

To determine the precision of the averages that were 
calculated from the individual data, another formula must 
be followed [10]: 

$avg(x) = $x /"N 
(N is the number of data points) 
This formula calculates the standard deviation of the 

average value of the data taken. It is safe to assume that 
the average of the data is more reliable than any one indi-
vidual piece of data. Following that logic, the standard 
deviation of the average value should be more precise than 
the standard deviation of the individual trials. Table 4 
shows the average standard deviation for each data cate-
gory. 

TABLE IV.   
STANDARD DEVIATION OF THE AVERAGE 

 

 

Another source of error associated with the experiment 
was, regarding the browser as the variable. Each browser 
has its own graphical user interface and its own indication 
of when the browser is done loading. In some cases, the 
browser waits until the page is completely done loading 
before indicating that it is done. In other cases, the brows-
er indicates that it is done loading at different stages of 
loading. Browser1 on Windows platform for example, 
clearly states the word “Done” at the bottom of the brows-
er when one phase of the page is done loading, and then 
continues to load, removing the word “Done” from the 
bottom of the browser, and then shows it again when the 
page is completely finished. There is no way to differenti-
ate between the completion of a phase and the completion 
of the entire phase. As a result, the reaction time associat-
ed with the load time of the Browser1 browser may be 
higher. The same is true with Browser5 on a Macintosh 
platform. 

Another source of possible error can be attributed to the 
tools/add-ons that were used for measurement of the time. 
The same tool/add-on was not used across the different 

browser platforms, hence there is scope for the measure-
ment being slight off by 10-15 milliseconds for a same 
site. It was however verified by manually collecting the 
information again through stopwatch. The Browser2 
browser supported firebug which comprised of Hammer-
head and Yslow add-on tools that helped collect empty 
cache and primed cache data for a website along with sta-
tistics of cache content through YSlow. This helped attain 
a clear information about the caching being done and how 
it affects the load time. It showed that load time consider-
ably reduced for primed cache entry and how the statistics 
affirmed the same based on which content was refreshed 
from the server and not from local cached entry. Each 
browser had its own way of caching data of sites and this 
has an impact on the load time as well. Also automated 
stopwatch macro was used for measurement of load time 
on mac platform offered by www.numion.com website. 

IV. DISCUSSION 
All browsers are in the race for the title of ‘Fastest 

Browser.’ The data to back up this claim, however, has 
not definitively been released by any of the browsers. 
Browser5 claims to be the “Faster and Safer Internet” 
while Browser4 has self-titled itself “The World’s Fastest 
Browser” [14]. But what does “fastest” really mean? In 
this paper, the word “fastest” was examined in the context 
of cached and non-cached web pages from a variety of 
browsers and website types. Based on the results, it is 
clear that browsers are not equal in terms of load time. 
When looking at a Macintosh platform, Browser4 was the 
fastest, followed by Browser5. This held true for both the 
cached and non-cached web pages. For a windows plat-
form, the fastest browser was Browser3, followed by 
Browser1 and then Browser2.  

When looking at website types. the results showed that 
the pages with minimal dynamic content loaded the fast-
est. Also, because the personal website was rarely updated 
and the cache settings were set to have a relatively long 
TTL, the cached load times were significantly shorter than 
the non-cached load times. 

While the personal website loaded faster, the probabil-
ity that the information displayed on the webpage would 
be stale was higher. This introduces the question of speed 
versus reliability. Is it worth it to have a faster load time if 
the information on the page might not be the most recent? 
This question is best answered by looking at the data rec-
orded in this paper. While it is not possible to generalize 
the worth of current data, it can be assumed that for web-
sites such as social networking sites and RSS Feed based 
sites, current information trumps speed. 

A. Mobile browsers: 
This experiment does not take into account the brows-

ers running on mobiles, although they are same, they per-
form differently owing to the processor speed, operating 
system, display restrictions and cache memory available 
based on the device. A casual verification of this experi-
ment on mobiles also showed similar results with safari 
showing considerable speed on iphones, while android 
based phones support Fennec(aka Browser2) and Brows-
er5 among others, symbian or windows based phone sup-
port Browser1 and other browsers. There is a lot of scope 
for improvement of web browsing speed specific to load 
time concerning the caching efficiency. There has been 
numerous research works that focus on such specifics. 
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Thus it can be inferred that the web caching techniques 
currently deployed need more organization and the current 
browsers keep working on it to improve the overall per-
formance efficiency. However, the load time is majorly 
dependent on the type of the site, content shared, device of 
use and its technical stipulations not to mention the traffic 
on the system. 
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