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Introduction:

Software engineering is a critical part of software and web development.  If the software or Website does not perform to the required specifications or user’s expectations, the company will suffer both monetary and prestige losses.  When a product does not perform as expected, the company will have to make modifications to the design and code, or have to start from scratch, which increases expenses.  Focusing on performance throughout the development process, rather than after the system is designed and coding has begun, can prevent these problems and save the company both time and money.  


It has been observed that the Stonehill College home page does not perform to user expectations.  There have been complaints and discussions between faculty, staff, and students about the performance of the site when viewed at their homes.  The page took some time to load and be displayed properly.  Numerous others that we do not hear from directly, such as prospective students, probably experience this same problem.


The Website is particularly important to prospective students because the Internet is becoming an integral tool in their college searches.  The Stonehill Website provides an online tour of the campus that is valuable to students that cannot physically visit for a variety of reasons.  It also provides important information about the college, such as admissions procedures, majors available, and many other things a prospective student would like to know about Stonehill.  Because of its importance to both prospective and current students, the performance problem needs to be closely examined and corrected.


In examining this problem, we used the scientific method that is used by scientists around the world.  We first discussed and defined the problem, then developed a hypothesis and a procedure to test our hypothesis.  We then carried out this procedure, analyzed the results, and made conclusions about the source of the performance problem.

Problem:


We first discussed the performance problem on the homepage and why it is important that it performs to user expectations.  An article in the Wall Street Journal entitled “Campus Tour is Just a Click Away – More Students Winnow Lists of Possible Colleges After Traveling the Internet” on October 30, 2002 demonstrated the importance of a college’s website to prospective students as discussed above.  It stated that “70 % of all college-bound high-school juniors began their college search on the web, and those virtual tours came second only to actual campus visits in luring students.”  This further demonstrates the importance of the Stonehill College Website in attracting new students.


We then examined the connections that were being used to access the Internet.  With the introduction of DSL and cable modems, speed is becoming less of a priority during development of web pages.  This should not be the case because a significant portion of the population that access the Internet are still using dial up connections.  In January of 2003, Nielsen/NetRatings reported that 74.4 million people that access the Internet use narrowband connections, which is 68.9% of the total reported (108 million people), thus leaving only 31.1% (33.6 million people) using broadband connections.   It is important to develop websites that will perform well on both of these types of connections, or provide an alternative for those on the narrowband connections.  The Stonehill webpage does not provide such an alternative and thus causes headaches to those trying to use it with a narrowband connection, such as dial up.

Hypothesis:


We discussed three main reasons why the homepage load time is so long.  Originally, our hypothesis was that the applets on the site were large and took excessive time to execute.  Our second hypothesis was that these applets took excessive time to load.  Our third hypothesis was that the page loaded slowly due to the restricted bandwidth on a dial up connection.  We discarded the first and second hypotheses because the performance of the page was satisfactory on a broadband connection, thus proving the applets were not the cause of the performance problem.  If the applets had excessive overhead the problem would have been apparent while on a broadband connection, but when we used such a connection, we did not experience the performance problem.   We then focused on our third hypothesis: that the page loaded slowly due to the restricted bandwidth on a dial up connection.

Procedure and Analysis:

In order to prove our hypothesis was correct we took a number of steps.  First, we examined the time it took for the home page to load with a 56K modem connection.  We found that the initial loading of the page after the browser’s cache had been cleared took significantly longer than when the page was refreshed.  Three individuals performed this same test:  clearing their browser’s cache, timing how long it took the page to load initially and how long it took to load on five refreshes of the page.  Each individual performed this cycle five times.  The averages are shown in table 1 below:


Table 1: Stonehill Homepage Modem Load Times

	Name
	Average

Initial Load (sec)
	Average Refresh

(sec)
	Connection Speed (Kbps)

	Nick
	26.52 
	9.46
	42.12

	Mike
	41.97
	8.53
	50.6

	Greg
	25.57
	7.33
	50.6


After we proved that the webpage loaded slower on a 56K modem connection, we examined the source code of the webpage to determine what the problem could be.  We found that the page loads several graphic files, JavaScript files, and applets.  There are a total of twenty files that are loaded when the homepage is displayed.  The total size of the Website, with all files loaded, is 177.67 KB on an initial viewing.  There are two files that are randomly selected, so on average the size of the page on a refresh is 42.7 KB, as shown in table 2.




Table 2: Objects loaded on Stonehill homepage

	Object Description
	Size In Kilobytes

	blurb/n.html Average
	0.634

	fade.gif
	0.426

	random/n.jpg Average
	42.70243

	news.js
	8

	fader.js
	16

	homepage/mainlogo.gif
	9.7

	spacer1.gif
	0.366

	jmcsc1b.jpg
	8.724

	menu.gif
	18.712

	gradient_spacer.gif
	2.783

	bottom_bg.gif
	15.14

	button1_on.jpg
	4.172

	button1_off.jpg
	4.596

	button2a_on.jpg
	3.108

	button2a_off.jpg
	3.286

	button3a_on.jpg
	3.693

	button3a_off.jpg
	3.878

	XeoMenu.class
	6.65

	fphover.class
	9.1

	homepage.htm
	16

	SIZE FIRST DOWNLOAD (KB)
	177.67043

	SIZE OF REFRESH (KB)
	42.70243


The time it takes to download the page varies according to what speed connection you are using.  Table 3 shows the time it would take to load the Stonehill homepage when connected at a variety of speeds that are representative of a possible dial up connection.   The times were calculated by converting the above 177.67 kilobytes to 1776.7 kilobits (177.67 * 10) and then dividing by the kilobit per second connection speed.  For example, if you are connected at a speed of 19.2 Kbps, when you view the Stonehill homepage for the first time it takes 92.54 seconds (1776.7 kilobits / 19.2 kilobits per second) to load.  

Table 3: Stonehill homepage load times

	Bandwidth (Kbps)
	Time for Initial Load (sec)
	Time for Refresh (sec)

	19.2
	92.53668229
	22.24085

	28.8
	61.69112153
	14.82723

	33.6
	52.87810417
	12.70906

	56
	31.7268625
	7.625434

	300
	5.922347667
	1.423414

	1500
	1.184469533
	0.284683


If connected at 56 Kbps, the time decreases to 31 seconds.  When we tested the response time of the Website, we found that these numbers are fairly accurate.  In our calculations (see table 1), when connected at 42.12 Kbps the initial load time was 26.52 seconds, which is faster than the expected time from table three.  The refresh time at this connection speed was 9.46 seconds, which is about the same as expected from table three. When connected at 50.6 Kbps, the initial load time was an average of 33.77 seconds and the refresh time was an average of 7.93 seconds, both of which are expected according to the values in table three.  

In this amount of time, the user may feel as though something is wrong with the site, may decide not to stay at the site or may decide not to return.  This is the wrong impression to send to a prospective student.  It is also unacceptable by today’s Internet standards.  According to an article written by IBM’s High-Volume Website team in May of 2000, if a Website takes more than thirty seconds to load on a dial up connection, it is ranked as “unacceptable”.  Even on the fastest dial up connection, the initial load time of the Stonehill Website is unacceptable.  This article also measured other factors associated with acceptable download times for dial up connections as shown in table 4.  

Table 4:  Acceptable Dial up Standards

	Factor Measured
	“Acceptable Standard”

	Average Server Response Time
	Less than 0.5 seconds

	Number of items per page
	Fewer than 20 items

	Page load time
	Less than 30 seconds

	Page size in bytes
	Less than 64K


The most significant difference between these acceptable standards and the Stonehill Website is the page size.  The acceptable standard is less than 64 K, whereas the Stonehill site is 177 K on the initial download.  These factors demonstrate that the Stonehill Website would be deemed unacceptable concerning the number of items per page, page load time, and page size in bytes.


After analyzing the source code for the Stonehill homepage, we then focused on the user’s perception of “fast”.  We performed a survey of ninety individuals.  Professor Dugan wrote a mock-up of the Stonehill homepage that generated a random delay before loading a replica of the Stonehill homepage.  The delay was 1, 2, 5, 10, 15 or 30 seconds.  The individuals participating in the survey were asked to rate the responsiveness of the mockup Website on a scale from very slow, slow, ok, fast to very fast.  Half of the individuals were ranking the responsiveness as if they were on a dial up connection.  The other half was ranking it as if they were on a broadband connection.  A very slow rating received a score of 1 whereas a very fast rating received a score of 5.  The average ratings for the various delays are shown in table 5 below.



Table 5: Survey Results

	Connection
	Delay Time
	Average Rating

	56 K
	1 sec
	1.57

	
	2 sec
	1.71

	
	5 sec
	2.54

	
	10 sec
	3.2

	
	15 sec
	3.87

	
	30 sec
	4.45

	
	
	

	Broadband
	1 sec
	1.35

	
	2 sec
	1.73

	
	5 sec
	2.74

	
	10 sec
	3.72

	
	15 sec
	4.02

	
	30 sec
	4.72


These results show that when the response time is greater than or equal to 10 seconds, the user rates it as “ok, but could be faster”.  Only when the Website responded less than two seconds was it rated as fast.  This is not the appropriate impression to give prospective students.  The college should be working to providing the best possible online impression of Stonehill to all users, with both broadband and dial up connections.

Conclusion:


Upon examining all the information we gathered, it has become clear that the Stonehill homepage has a significant problem that needs to be corrected to ensure that prospective students have an enjoyable first impression of Stonehill.  The importance of the Website has dramatically increased in the recent past, so the performance of the Website is as important as the tour guides that perform the on campus tours.  If the Website gives a bad first impression of the campus, prospective students will be deterred from gathering the information they need to make a decision to apply and attend Stonehill.  It is also important to recognize that a majority of users still use dial up connections and that one needs to provide an alternative means of delivering the information they require through the Website.


The results of our various calculations and experiments have demonstrated that there is a significant performance problem with the Stonehill College homepage.  By using simple models and methods, we were able to pinpoint the problem and examine the consequences.  We have also examined precisely why the homepage is slow on a dial up connection and why it is important to keep in mind that a majority of users will be connected using dial up.  


Other colleges have solved this problem by offering a text version of their website so that dial up users can still have access to all of information the website offers without the headaches of waiting for the pages to load.  They have also reduced the number of images, applets and other files that need to be loaded on their websites.  This allows the size of the page to small and more manageable.  In order to stay competitive, Stonehill needs to use a combination of these approaches to modify its existing Website so that it meets the acceptable standards discussed above:  a response time of less than two seconds and a page size of less than 64K.  
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