Empirical Validation of Website Timeliness Measures
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Abstract

Information timeliness is crucial for media-based
websites. Although a couple of timeliness design
strategies have been developed, timeliness measure-
ment is still in its infancy. Based on our previous re-
search, this paper presents three timeliness measures
and reports the empirical validation of them in a case
study conducted during the recent Olympic Games.
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1. INTRODUCTION

Timeliness is a quality attribute of media-based
websites [1]. Usually, users judge the timeliness of a
website by comparing the site with the real world.
They believe that it would be easier to update the in-
formation online than printed documentation. Thus,
websites are always expected to be kept updated in
order to reflect the change of the real world in a timely
manner [2].

The importance of timeliness has now been
widely recognised by Web designers [3,4,5,6,7,8,9]. A
number of strategies have been developed to show the
timeliness of websites, such as to put date and/or time
indicators on the page, to use animation associated
with dynamic content to show its timeliness, or to tie
content to current real-world events. However, how to
measure a website’s timeliness remains an open prob-
lem. Compared with the above strategies, measurement
can provide quantitative analysis [10] and thus insight
into the issue in terms of quality prediction and evalua-
tion.

Based on our previous research reported in
[11,12], this paper further investigates the measure-
ment of timeliness. Two new measures are developed
and validated empirically and compared with the
measures proposed in our previous work. The rest of
the paper is organised as follows. Section 2 reviews the
related research. Section 3 defines and justifies our
Web timeliness measures. Section 4 reports the results
of empirical validation of the measures. Finally, sec-

tion 5 concludes the paper with a discussion of future
work.

2. RELATED RESEARCH

Recently, a method for the assessment of the
timeliness of websites has been proposed using sets of
assessment criteria in the literature. For example, in [5]
the following three criteria are proposed to evaluate the
Web timeliness.

- Is there an indication of when the information was
created/published?

- Is the information regularly revised or updated?

- Is the information still valid for your topic?

In [3], the following five criteria were given to
assist in evaluating the Website timeliness.

- When was the information created or last updated?

- Is the source appropriate for your needs with re-
gards to the time that the source of information
was published?

- How current are the links, statistical data, illustra-
tions, etc.?

- Does the information appear to be valid and well
researched, or is it questionable and unsupported
by evidence?

- What is its relation to other works on the subject,
especially with regards to the time?

Such criteria also provide useful design guide-
lines, or heuristics, for website designers. However, it
is rather difficult to validate the correctness and com-
pleteness of such heuristics. Furthermore, the applica-
tion of the criteria is difficult to give accurate
assessment and comparison of websites’ timeliness.
The most common way of evaluation of a website’s
timeliness is by user test, which is, unfortunately, not
always practical. As pointed out in [13], it is not an
easy task to organise and complete such a test satisfac-
torily, which is time-consuming and costly especially
for repetition tests. Measurement can provide a more
economic and quantitative means for the issue [14].
However, timeliness measurement is still in its infancy.

In [12], we proposed four Website timeliness
measures and conducted the preliminary empirical
studies. In particular, we defined the measure HUF



(Homepage update frequency). It requires to monitor
the change of website homepages at a set frequency,
such as 1/60s, and to calculate the number of probes
that detect a change of the homepage. For most web-
sites, including the news sites, this frequency is fast
enough to monitor the homepage update rate. How-
ever, in a recent case study on the websites that reports
news of the Athens Olympic Games, the high fre-
quency in updating homepages posed a challenge to
this measure. We found that some web sites that re-
ports the news on Olympic Games such as
http://2004.sina.com/ changed their homepage at a
frequency as high as 9 times within a minute. Accord-
ing to the Sampling Law [15], the sampling frequency
must be at least twice the bandwidth of the sampled
signal. For example, a 44.1 kHz sound sample will
sample frequencies up to about 22 kHz. It is apparent
that, in theory, the results of HUF cannot always reflect
the true timeliness of the websites. Due to technical
reasons, the HUF sampling frequency cannot be very
high. Therefore, alternative ways to measure timeliness
must be developed. In this paper, we propose two new
timeliness measures that can overcome this drawback
of the HUF measure.

3. WEBSITE TIMELINESS MEASURES

In [12], we defined Website timeliness as the
ability of web-based information systems to provide
and process information in a timely manner, i.e., to
create, update and present information within a re-
quired time delay in order to keep the information con-
sistent with the real world. The following measures can
be derived from this definition.

3.1. Measurement 1: Mean Time Delay To Publish

According to the definition of timeliness, a direct
measure of timeliness is to measure the time difference
between the time when the information is published
and the time when the event occurs in the real world.
The Time Delay To Publish (TDTP) can be formally
defined as below.

TDTP:Tpublish(E)_To E)

where Tp,51(E) is the time when an event E'is pub-
lished online, and T, £) records the time it occurs.

Usually, it is not sufficient to assess a website’s
timeliness by testing only one event. A set of events
will be used to obtain a more accurate measurement
result. We therefore defined Mean Time Delay To
Publish (MTDTP). Let A={a, | n=1,...,K } be a set of
events. The Mean Time Delay To Publish with regards
to the set 4 of events can be formally defined as fol-
lows.

CcCur (
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where T),.51(a) is the time when an event @; is pub-
lished online, and T,..(@;) is the time when the event
occurs.

MTDTP provides a direct measure of timeliness,
but it has the following limitations.

1. The measurement relies on the availability of T,
In the current practices of web site development,
T,ccr can only be found manually in the websites or
from other media types. For big events, the news
content usually includes the precise time when they
happened. The accuracy of the measure is depend-
ent on the accuracy of T, If T,er cannot be
found, or only a rough idea of the time is available,
such as around 5 pm, the measure is not applicable.

2. The measurement relies on the set of events chosen
to test a website’s timeliness. Different websites
may have different tastes. The same event could be
regarded as a ‘big’ news for one site, but com-
pletely ignored by another site. The set of events
chosen for testing may significantly affect the test
results.

3. It is usually time-consuming to find 7cc.r and Tppsish.
As mentioned above, most websites put time indi-
cators on the page. However, without an automatic
mechanism, it is obvious that 7, involves much
manual reading. Even with the aid of a software
tool in this study, it was a rather tedious and time
consuming task to complete.

3.2. Measurement 2: Site Evolution Speed

Site Evolution Speed (SES) calculates the number
of web pages that are changed over a period of time. In
the empirical study, we found that the changes of a
website were often accurately reflected by the number
of pages added. It is rare that pages were deleted or
changed except for the homepage.

For a fast-changing website, it is always ready to
publish a piece of news. Usually a headline appears in
the homepage, and the detailed information is added to
the site as a new page with a link from the headline.
Each time a new page is added to the website, a change
to the website is made. Assume that two probes of a
website w are made at time moments £, and ¢,, Added-
Pages,, is the number of new pages added to website w
during the time between ¢, and ¢, based on the state of
the website obtained by the probes. The Site Evolution
Speed (SES) can be formally defined as follows.

AddedPages
L1

SES =



SES can be automatically calculated. The meas-
ure SES has the limitation that it is accurate only if the
website does not delete, merge or split web pages.

3.3. Measurement 3: Homepage Update Frequency

Homepage update Frequency (HUF) was first de-
fined in [11,12], where it was called Homepage
Change Frequency (HCF). Formally,

C,

HUF =2

N,

where N, is the number of probes made to a website in

a period, C,, is the number of probes that detected

changes to the home page. The detailed derivation can
be found in [12].

In theory, if a website always changes at a fre-
quency that between two sampling only one page is
added to the website, and pages are never deleted or
merged/split, then, both SES and HUF will detect all
changes to a website if they are applied to the same
period of time. Then, we have

HUF = SES/SF.,

where SF, is the sampling frequency of HUF.

In the practical uses of HUF measure, an appro-
priate frequency of sampling must be carefully set so
that the homepages can be downloaded between two
probes. Therefore, efficient implementation of the
sampling tool is the key issue of the usability of the
measure, which has been discussed in [12]. The uses of
SES, on the other hand, do not heavily rely on the effi-
cient implementation of the measure. A question is
how well the assumptions made in the uses of SES and
HUF measures match the reality. Hence, an empirical
case study is conducted.

4. EMPIRICAL STUDY

In this section we report an empirical study of
validation of the above measures.

4.1 Experimental design

To evaluate the feasibility of the measurement
method and to validate the measures, an empirical
study was conducted during the recent Olympic
Games. The study consisted of the selection of a set of
candidate websites as the subject, the selection of a set
of events in the real world, and the collection and proc-
essing of the data.

The selection of candidate website and real world
events must be fair in the sense that the events should
be interested to all the websites tested. To meet this
requirement, we selected the events to be the gold
medals won by the Chinese athletic team in the recent
Athens Olympic Games. The candidate websites were
selected from among the major online news media in

China. These websites were amongst the top four when
searching the keyword ‘Olympics’ (in Simplified Chi-
nese) using Google. They are:

- Sina (http://2004.sina.com.cn)

- TOM (http://2004.sports.tom.com)

- Sohu (http://2004.sports.sohu.com/)

- Yahoo (http://cn.sports.yahoo.com/olympic/)

The empirical study was prepared in advance be-
fore the Athens Olympic Games. A software tool, con-
sisting of small Perl scripts, was developed to collect
the data and calculate the measures. During the Athens
Olympic Games, the Chinese Team obtained 32 Gold
Medals. For each gold medal, we collected the publi-
cising times on these candidate websites as well as the
real time when the event happened.

To obtain MTDTP measures, a software tool
monitored the homepage of each website by the sam-
pling frequency of once per minute, and downloaded it
whenever a change was detected. We found that all
important news items related to the selected events
were reported on these websites” homepages. All these
websites also provided the time indicators of the web
pages using meta-data, accurate to minute, in the
pages. There was a little time difference between the
time indicators provided by the sites and the time we
detected the change on the homepages. This was, we
believed, due to the network delays or the Web writers’
mistakes. To be fair to all, we used the time that we
detected the changes as T, Manual information
processing was used to collect the time of official an-
nouncement of each Gold Medal won by the Chinese
team. The accurate time of the Chinese athletic team
obtaining each Gold Medal, T, was based on the
reports by the Xinhua Net
(http://www.xinhuanet.com/olympic).

To obtain SES measures, a software tool is used
to download the targeted websites once every hour. We
only downloaded the webpages related to the news on
the Olympic Games. For example, for Yahoo, we re-
garded the URL http://cn.sports.yahoo.com/olympic/ as
the homepage and only downloaded the pages within
this directory. All pages which were linked to other
websites or other servers within Yahoo were ignored. It
took a long time to download the site for the first time,
but it was much quicker for the following downloads
as it only downloaded the added pages.

We also obtained HUF for the above websites.
The measuring method and tool are the same as those
discussed in [12].

The software tools were run to collect data con-
tinuously from 00:00 14th to 23:59 30th August 2004.

4.2 Experimental results

The results of the experiment are listed in Table
1,2, 3 and illustrated in Figure 1.



Table 1 TDTP of four news websites (Minute)

Table 2 Number of Pages Added

Me daSIte TOM | Yahoo Sohu Sina
1 1 19 10 3
2 1 20 3 3
3 1 7 4 3
4 2 8 3 7
5 1 7 13 2
6 3 5 4 4
7 2 4 3 3
8 1 5 2 2
9 2 4 4 6
10 2 5 7 4
11 1 5 7 4
12 1 3 4 2
13 1 6 4 4
14 1 2 3 3
15 3 6 3 4
16 1 3 5 2
17 1 6 6 3
18 1 4 2 2
19 1 3 3 2
20 2 6 3 4
21 2 5 6 4
22 1 6 6 2
23 1 11 8 2
24 1 3 1 4
25 1 8 1 2
26 1 2 1 2
27 1 4 2 2
28 1 7 3 2
29 2 7 6 4
30 1 9 4 2
31 1 3 1 2
32 1 18 1 3
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Figure 1 Pattern of TDTP of four websites

Date Site TOM | Yahoo | Sohu | Sina
14 733 267 296 | 433
15 745 246 270 398
16 754 342 366 | 495
17 739 363 298 398
18 772 439 386 516
19 853 486 160 | 406
20 760 397 442 | 446
21 711 367 310 532
22 759 329 282 | 473
23 635 361 297 366
24 612 287 189 | 406
25 508 378 390 538
26 651 306 411 269
27 632 397 283 218
28 560 259 261 177
29 672 278 432 105

Table 3 Number of Homepage Updates

Date Site TOM | Yahoo | Sohu | Sina
14 463 183 248 375
15 471 215 255 378
16 433 301 280 | 444
17 417 304 267 364
18 432 329 292 | 447
19 489 420 148 375
20 450 308 386 399
21 473 324 273 449
22 452 303 266 375
23 419 291 247 378
24 349 236 168 | 444
25 350 338 356 364
26 374 269 324 | 447
27 363 351 258 375
28 300 226 246 399
29 347 198 340 | 449




From Figure 1, we found that TOM performed the
best. The other sites were similar except that Yahoo
did not perform very well at the beginning and at the
end. Using the data from the above tables, MTDTP,
HUF and SES can be calculated (see Table 4).

Table 4 Timeliness measures of four websites

Websi teeasure MTDTP | HUF SES
TOM 2.69 0.29 28.90
Yahoo 13.19 0.20 14.33
Sohu 7.06 0.19 13.21

Sina 6.13 0.24 16.08

From Table 4, all measures agree that TOM was
the best. Results of HUF and SES seem quite consis-
tent. Both agree that the ranking order should be: TOM
> Sina > Yahoo > Sohu. However, TDTP shows the
ranking order: TOM > Sina > Sohu > Yahoo.

We conducted Pearson analysis to study the cor-
relations between the measures. The results are in Ta-
ble 5 below.

Table 5 Correlations between three measures

MTDTP HUF SES

MTDTP - -0.76 -0.72

HUF -0.76 - 0.94
SES -0.72 0.94 -

It can be seen that there exists strong correlation
among the measures. Although the correlation coeffi-
cients between MTDTP and HUF or SES are compara-
tively lower, considering the difficulty of choosing
MTDTP events, the results are satisfactory.

It is also interesting to note that a strong correla-
tion exists between HUF and SES.

5. CONCLUSION AND FUTURE WORK

In the literature of website design, there exist a
couple of assessment criteria to evaluate Website time-
liness. However, these criteria for evaluation of web-
sites are based on different understanding of the issue.
They are difficult to validate in terms of completeness
and correctness. Website quality measures can provide
insight into such issue. They can be used to measure
the Website quality attributes in an objective and eco-
nomic way.

In this paper, we defined and validated three
Website timeliness measures.
Mean-Time-Delay-to-Publish (MTDTP) is derived
directly from the definition of timeliness. It can pro-
vide a relatively accurate measurement of a website’s

timeliness with regards to a set of focused events.
However, it requires manual collection of data. Home-
page-Update-Frequency (HUF) measures the timeli-
ness indirectly through the frequency that a website
updates its homepage. It can be automatically com-
puted without human interferences. However, it may
be less accurate when a website updates the homepage
with a frequency higher than the sampling frequency.
Site-Evolution-Speed (SES) also measures the timeli-
ness indirectly, but through the number of webpages in
the site change during a period of time. Under the as-
sumption that webpages are not deleted, merged or
split once published, SES can provide a good meas-
urement of timeliness. SES is especially useful and
applicable to the websites whose update frequency is
very high. The empirical study reported in this paper
demonstrated their practical usability. The results
showed that SES and HFC were effective measures of
website timeliness.

We also developed a prototype software tool to
implement the measures. Such a tool can also be used
by designers to evaluate their websites’ timeliness eas-
ily. As the results were obtained using the software
tool and human-involved checking, they were objective
and independent on the human's judgments.

This paper focused on the development and vali-
dation of timeliness measures. It leaves some interest-
ing issues to investigate, such as ‘which measure is
more sensitive to small differences of websites’,
‘which measure is actually better for different pur-
poses’, etc. We argue that these issues can be ad-
dressed through further empirical studies.

This research focused on the website timeliness
measurement. It is part of a larger project [16] whose
goals are to develop measures to empirically investi-
gate all aspects of website quality attributes, and to
develop tools to help evaluate and improve the website
quality.
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